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EXECUTIVE SUMMARY 

Water quality investigatlons have identified the presence of volatile organic compound (VOC) and 

radionuclide contamination of surface water at the Rocky Flats Plant (RFP). The subject Interim 

Measures/lnterim Remedial Action Plan/Environmental Assessment (IM/IRAP/EA) addresses contaminated 

surface water in a portion of the South Walnut Creek drainage basin located within an area identified as 

Operable Unit No. 2 (OU 2). There is no immediate threat to public health and the environment posed by this 

surface water contamination. The affected surface water is contained within the plant boundary by existing 

detention ponds, and is treated prior to discharge for removal of volatile contaminants and suspended 

particulates to which radionudides, if present, are likely to adsorb. However, there is a potential threat and 

the Department of Energy (DOE) is implementing this Surface Water IM/IRAP at the request of the U.S. 

Environmental Protection Agency (EPA) and Colorado Department of Health (CDH). Implementation of the 

Surface Water IM/IRA will enhance the DOES efforts towards containing and managing contaminated surface 

water, and will mitigate downgradient migration of contaminants. Another factor in implementing this IM/IRA 

is the length of time it will take to complete the Investigations and engineering studies necessary to determine 

the final remedy for OU 2. 

a 

In February and March 1990, representatives from DOE, EPA, and CDH met to discuss surface water 

IM/IRAs at the RFP site. The result of these meetings was a series of agreements, with the concurrence of 

all parties, to implement an IM/IRA for the deanup of contaminated surface water in OU 2. OU 2 is defined 

in the Environm& R&orath Federal Facility Agreement and Consent Order (commonly known as the 

"Inter-Agency Agreemew or IAG), and is comprised of several Individual Hazardous Substance Sites (IHSSs) 

that were formerly known in aggregate as the 903 Pad, Mound, and East Trenches Areas. 

On 26 September 1990, the DOE released for public comment a proposed Surface Water IM/IRA Plan 

and Decision Document for OU 2. In this Plan, specific point source locations in the South Walnut Creek and 

Woman Creek drainage basins were proposed for collection of surface water. According to the Plan, surface 

water collected in each basin was to be transferred to a treatment facility discharging to the South Walnut 

(I) 
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Creek drainage. Comments on the IM/IRA Plan received during the public comment period, however, revealed 

strong opposition to the transfer of radionuclide contaminated seep water from the Woman Creek drainage 

to the South Walnut Creek drainage. 

Opposition was based on the absence of a proven performance record for the proposed IM/IRA 

treatment facility with respect to radionuclide removal and the potential for treatment process upsets. In 

addition, the public voiced strong concern over potential worker and public health risks resulting from 

construction activities in the Woman Creek Basin (Le., atmospheric suspension of radionuclide-contarninated 

dust). In light of these concerns, the DOE and regulatory agencies agreed to eliminate the proposed interbasin 

transfer of surface water seeps within this IM/IRA Plan and to collect and treat Woman Creek seepage under 

a separate OU 2 IM/IRA project. It is expected that the Surface Water IM/IRA Plan for Woman Creek Basin 

can be completed during the summer of 1991. This will allow adequate time to conduct bench-scale treatability 

studies of radionuclMe removal treatment processes. The results of the bench-scale studies will provide a 

better assessment of applicable treatment technologies in selection of the preferred IM/IRA alternative for the 

Woman Creek Basin. 

The Surface Water IM/IRA Plan dated 26 September 1990 has thus been modified to focus on collection 

and treatment of South Walnut Creek Basin contaminated surface water. The Plan presented in this document 

reflects this modification. In addition to previous consideration of collection of surface water at stations SW-59 

and SW-Sl, this Plan also proposes collection at a third location designated as SW-132. SW-132 represents 

the discharge d a Med ,  corrugated metal culvert approximately 225 feet downgradient of SW-61. Recent 
- .L 

field surveys and review of as-built site drainage drawings have identified the culvert to be a conduit for flow 

from the upper reach of South Walnut Creek withln the Perimeter Security Zone (PSZ). Although water quality 

data are not available at this newly designated station, its character is expected to be similar to the flow at SW- 

61. A flow monitoring and sampling program has recently been initiated at SW-132. This South Walnut Creek 

Basin IM/IRA Plan provides for the collection of all flow from SW-59, SW-61, and SW-132, except during 

infrequent high flow periods resulting from high precipitation events. As discussed herein, the South Walnut 



Creek Basin IM/IRA design flow is 60 gallons per minute (gpm). The average annual flow rate from SW-59, 

SW61, and SW-132 should be less than 20 gpm, however. 

This IM/IRA will be conducted in accordance with the Resource Conservation and Recovery Act of 1976 

(RCRA), as amended by the Hazardous and Wid Waste Amendments of 1984 (HSWA); the Comprehensive 

Environmental Response, Compensation, and Liability Act of 1980 (CERCIA), as amended by the Superfund 

Amendments and Reauthorization Act of 1986, the National Environmental Pdicy Act (NEPA) of 1969; and DOE 

NEPA guidelines (52 FR 4766247670, December 1987). DOE and EG&G have prepared this IM/IRAP/EA to 

identify and evaluate interim remedial action alternatives for contaminated surface water in the South Walnut 

Creek drainage basin. Based on the evaluations, a preferred surface water collection and treatment system 

is recommended. DOE will implement this IM/IRA while work progresses on the RCRA Facility 

Investigation/CERCLA Remedial Investigation (RFI/RI) and RCRA Corrective Measures Study/CERCU 

Feasibility Study (CMS/FS) for OU 2. 

Having presented the general extent of the contamination within the South Walnut Creek Basin and the 

specific environmental issues associated with surface water contamination, this plan subsequently presents an 

evaluation of the remedial alternatives with respect to effectiveness, implementability, and costs. Effectiveness 

includes ability to meet Applicable or Relevant and Appropriate Requirements (ARARs). it must be noted, 

however, that in accordance with the National Contingency Plan (NCP) and the IAG, iM/IRAs need only attain 

ARARs to the greatest extent practicable. 
- .L 

Surface water wUi be cdiected at one seep and at two in-stream locations on South Walnut Creek 

upstream of the exlsting detention ponds. This will reduce the potential for further downstream contamination. 

Screening of surface water treatment technologies includes evaluation of: suspended solMs, radionuclides, 

and metals removal by chemical treatment/cross-flow filtration, granular media filtration, and ion exchange, and 

evaluation of vdatlie organic contaminant removal by granular activated carbon (GAC) adsorption, ultraviolet 

peroxide oxidation, and air stripping with off-gas treatment. The chemical precipitation/cross-flow membrane e 
filtration system, together with a GAC adsorption system, is select& as the preferred alternative. Laboratory 



@ 
and field treatability studies are being implemented in order to verify the performance of the selected 

alternative. The current schedule for the field treatability studies calls for installation of a pilot system by Spring 

1991. The field treatability unit will be operated to evaluate performance against chemical-specific ARARs. The 

results may indicate that it is not practicaMe to attain all ARARs for the Surface Water IM/IRA. Final 

performance requirements for the IM/IRA will require approval by the regulatory agencies. An additional 

function of the field treatability unit is the characterization and quantification of residuals generated by the 

treatment processes being operated, thus allowing confirmation or modification of assumptions made in this 

IM/IRA Plan regarding the nature of treatment residuals. Table D-1, Appendix D, shows the milestone schedule 

for the South Walnut Creek Basin Surface Water IM/IRA project. 

The IM/IRAP/EA examines the environmental and health risks associated with each of the alternatives, 

including the preferred alternative, in accordance with the requirements of NEPA. The results of this evaluation 

illustrate that the potential negative impacts to air and water quality, land, and short- and long-term land 

productivity, as well as exposure of personnel, are minimal compared to the benefits of the resulting water 

quality improvements to the surface waters of the area. 
1) 



SECTION 1 

INTRODUCTION 

Water quality investigations have identW the presence of volatile organic compound (VOC) and 

radionuclide contamination of surface water at the Rocky Flats Plant (RFP). The subject Interim 

Measures/lnterim Remedial Action Plan/Environmental Assessment (IM/IRAP/EA) addreabes contaminated 

surface water in a portion of the South Walnut Creek drainage besin located within an ar6a identified as 

Operable Unit No. 2 (OU 2). There is no immediate threat to public health and the envitOnment posed by 

surface water contamination because the affected surface water is contained within the plant boundary by 

existing detection ponds, and is treated prior to discharge for removal of volatile organic contaminants and 

suspended particulates to which radionuclides, If present, are likely to adsorb. However, there is a p0tent.d 

threat and the Department of Energy (DOE) is implementing this Surface Water Interim Measures/lnterim 

Remedial Action (IM/IRA) at the request of U.S. Environmental Protection Agency (EPA) and Colorado 

Department of Health (CDH). Implementation of the Surface Water IM/IRA will enhance the DOE’S efforts 

towards containing and managing contaminated surface water, and will mtti i te downgradient migration of 

contaminants. Another factor in implementing this IM/IRA is the length of time It will take to complete the 

investigations and engineering studies necessary to determine the final remedy for OU 2. 

In February and March 1990, representatives from DOE, EPA, and CDH met to discuss surface water 

IM/IRAs at the RFP she. The result of these meetings was a series of agreements, with the general agreement 

of all parties, to implement an IM/IRA for the dean-up of contaminated surface water in the area designated 

as OU 2. OU 2 is defined in the final Environmental Restoration Federal Facility Agreement and Consent Order 

(FFACO) (DOE, 1991), commonly known as the Inter-Agency Agreement (IAG), and is comprised of several 

Individual Hazardous Substance Shes (IHSSs) that were formerly known in aggregate as the 903 Pad, Mound, 

and East Trenches Areas. 

On 26 September 1990, the DOE released for public comment a Surface Water IM/IRA Plan and 

Decision Document for OU 2. In this Plan, specific point source locations in the South Walnut Creek and * 
SURFACE WATER INERlM REMEMAL ACTION PLAN 
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@ Woman Creek drainage basins were proposed for collection of surface water. According to the Plan, surface 

water cdlected In each basin was to be transferred to a treatment facility discharging to the South Walnut 

Creek drainage. Corn- on the IM/IRA Plan received during the public comment period, however, revealed 

strong opposition to the transfer of radionuclide contaminated seep water from the Woman Creek drainage 

to the South Walnut Creek drainage. 

Opposition was based on the absence of a proven performance record for the proposed IM/IRA 

treatment facilty with respect to radionuclide removal and the potential for treatment process upsets. In 

addition, the public voiced strong concern over potential worker and public health risks resulting from 

construction actkhies in the Woman Creek Basin (i.e., atmospheric suspension of radionuclide-contaminated 

dust). In light of these concerns, the DOE and regulatory agencies agreed to eliminate the proposed interbasin 

transfer of surfece water and to collect and treat Woman Creek seepage under a separate OU 2 IM/IRA 

project. It is expected that the Surface Water IM/IRA Plan for Woman Creek Basin can be completed during 

the summer of 1991. This will allow adequate time to conduct bench-scale treatability studies of radionuclide 

removal treatment processes. The results of the bench-scale studies will provide a better assessment of 

applicable treatment technologies in selection of the preferred IM/IRA alternative for the Woman Creek Basin. 

0 

The Surface Water IM/lFM dated 26 September 1990 has thus been modified to focus on collection and 

treatment of South Walnut Creek Basin contaminated surface water. The Plan presented in this document 

reflects this modification. In addition to previous consideration of collection of surface water at stations SW-59 

and SW-61, thb &I al& proposeg collection at a third location designated as SW-132. SW-132 represents 

the discharge of a bwled, comrgated metal culvert approximately 225 feet downgradient of SW-61. Recent 

field surveys and review of as-bullt &e drainage drawings have identified the culvert to be a conduit for flow 

from the upper reach d South Walnut Creek within the Perimeter Security Zone (PSZ). Although water quality 

data are not available at this newiy designated station, its character Is expected to be similar to the flow at 

SW-61. A flow monitoring and sampling program has recently been inithted at SW-132. This South Walnut 

Creek Basin IM/IRA Plan will provide for the collection of all flow from SW-59, SW-61, and SW-132 except 

during infrequent hgh flow periods resulting from high precipitation events. 

0 
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This IM/IRA will be conducted in accordance with the Resource Conservation and Recovery Act of 1976 

(RCRA) as amended by the Hazardous and Solid Waste Amendments of 1984 (HSWA), the Comprehensive 

Environmental Respor#ie, Compensation, and Liability Act of 1980 (CERCLA) as amended by the Superfund 

Amendments and Reauthoritatlon Act of 1986 (SARA), the National Environmental Policy Act (NEPA) of 1969. 

DOE and EG&G have prepared this IM/IRA Plan to identjfy and evaluate interim remedial action alternatives 

for contaminated surface water in the South Walnut Creek drainage basin. Based on the evaluations, a 

preferred IM/IRA for the contaminated surface water is recommended. 

0 

This IM/IRA Plan has been prepared to conform with the requirements for an Engineering 

Evaluation/Cost Analysis (EE/CA) as defined in the National Contingency Plan (NCP) (FR Vd. 55, No. 46, 

8813; 40 CFR 300.415[b][4]). It also conforms to the NEPA of 1969, as implemented by regulations 

promulgated by the Ptesident’s Council on Environmental Quality (CEO) (40 CFR 1500-1508), and DOE 

Guidelines (52 FR 4762247670, December 15, 1987). 

This finalked IM/IRAP document is also an EA. Although the 26 September 1990 proposed IM/IRAP 

contained all the information and assessments to make it an EA, it had not been approved as an EA by DOE 

Headquarters and therefore cwld not be labeled as an EA. However, in the Executive Summary of the 

26 September 1990 Proposed IM/IRAP, it was noted that once public comment was received and DOE 

Headquarters approved the NEPA aspects of the document, it would become an integrated CERCLA/RCRA - 
NEPA document (IM/IRAP/EA). 

- _- 

1.1 BACK- 

In March 1987, a Phase I Remedial Investigation (RI) under the Environmental Restoration (ER) Program 

[formerly known as the Compreherrdve Environmental Assessment and Response Program (CEARP)] began 

at OU 2. The investigation consisted of the preparation of detailed topographic maps, radiometric and organic 

vapor screening surveys, surface geophysicai surveys, a soit gas survey, a bring a d  well completion 

program, SOU sampling and ground and surface water sampling. Phase I field activities were completed at 

@ 



e OU 2 during 1987, and a draft RI report was submitted to EPA and CDH on December 31, 1987 (Rockwell 

International, 1987a). Phase I data did not allow adequate definition of the nature and extent of contamination 

for the purpose d conducting a feasibltty study of remediai a i tv t ives pertaining to contaminated media. 

A draft Phase II RI Sampling Plan that presents the details and rationale for further field work to achieve this 

objective was submitted to the regulatory agencies in June 1988 (Rockwell International, 1988a). This draft 

sampling pian was subsequently revised and submitted as a final Phase II RCRA Facility Investigation/Remedial 

Investigation Feasibility Study (RFI/RIFS) sampling plan in April 1990 (EG&G, 1990a). The plan was approved 

by €PA in May 1990. 

A draft iM/IRA plan for contaminated ground water at OU 2 was submitted in December 1989 (Rockwell 

International, 1989a). 7he plan was prepared based on limited knowledge of the nature and extent of ground- 

water contamination. Regulatory agency review of the document determined that, although an IM/IRA for 

ground water is required by the 1989 Agreement in Principle between DOE and CDH, insufficient information 

on the nature and extent of gtound-watw contamination exists at this time to pursue effective ground-water 

remediation. In order to facilitate early evaluation of the need for an IM/IRA for ground water at OU 2, the final 

Phase 11 RFI/RiFS sampling plan incorporates a phased investigation approach. The plan was approved by 

the regulatory agencies. The phased approach is to investigate alluvial and hydraulically connected bedrock 

migration pathways first, and then to subsequently investigate groundwater contaminant sources. This will 

allow planning, design, and implementation of a ground-water IM/IRA, if necessary, before completion of the 

RFI/RI and Corrective Measures Study/Feasibility Study (CMS/FS) for OU 2. 

a 

- .- 

1.2 IM/IRA PLAN ORGANlZATlON 

Section 2 of this IM/IRA Plan provides site characterization infomation on the RFP and, in particular, 

OU 2. The discussion presented indudes site characterization information for both the South Walnut Creek 

Basin and the Woman Creek Basin at OU 2. Although this IM/IRA Plan exclusively addresses the collection 

and treatment of contaminated South Walnut Creek Basin surface waters, it is useful to examine the 

characteristics of both basins. As discussed above, the collection and treatment of Woman Creek Basin seeps 

* 



at OU 2 will be addressed under a separate IM/IRA Plan. The discussion presented in Section 2 describes 

the potentially affected environment associated with the proposed IM/IRA and the results of the previous 

investigations at OU 2. The information included in Section 2 has been derived from the draft RI report and 

final Phase I t  RFi/RiFS Sampling Pian. 

0 

Section 3 i d e n t k  the objectives of the South Walnut Creek Surface Water IM/IRA, Applicable or 

Relevant and Appropriate Requirements (ARARs) and applicable environmental regulations. The objectives and 

ARARs define the criteria used to identify and evaluate IM/IRA alternatives. 

Section 4 identifies technically feasible IM/IRA alternatives for the collection and treatment of 

contaminated South Walnut Creek Basin surface water. The IM/IRA alternatives selected address the 

objectives presented in Section 3. The alternatives are evaluated based on effectiveness, implementability, and 

cost criteria. 

Section 5 summarhes the analysis performed in Section 4, and Section 6 presents the preferred IM/IRA. 

Bench and field treatability studieg to evaluate the perfomnce of the preferred IM/IRA are also discussed in 

Section 6. 

Sectlons 7 and 8 specirically addm NEPA requirements regarding an analysis of environmental 

impacts associated wlth the preferred IM/IRA and other IM/iRA altematlves, respectively. This analysis is 

intended to provide&lent krfonnetkm to aid in a NEPA determination of environmental impacts of the 

proposed IM/IRA The scope d the analysis does not indude evaluation of the existing operations at the RFP, 

final remedial action8 at OU 2 or subsequent remedial actions at other locations of the RFP. The environmental 

impacts of plant operetion were pmvbudy analyzed in the final Environmental Impact Statement (EIS) (DOE, 

1980). NEPA documentation for final remedial actions at OU 2 and any other RFP remedial actions will be 

provided in future documents. 



Vdume II of this IM/IRA Plan contains OU 2 surface water, sediment, ground-water, and soils chemistry 

data as well as the South Walnut Creek Bash Surface Water IM/IRA schedule and a tabulation of ARARs. 
0 



SECTION 2 

SITE CHARACTERlZATlON 

2.1.1 J&a tion and Facilitv TVDQ 

The RFP is located in northern Jefferson County, Colorado, approximately 16 miles northwest of 

downtown Denver (Figure 2-1). The plant site consists of approximately 6,550 acres of federally-owned land 

in Sections 1 through 4, and 9 through 15, of T2S, R70W, 6th principal meridian. Plant buildings are located 

within an area of approximately 400 acres, known as the RFP security area. The security area is surrounded 

by a buffer zone of approximately 6,150 acres. 

The RFP is a governmentowned, contractor-operated (GOCO) facility. It is part of a nationwide nuclear 

weapons research, development, production and plutonium reprocessing complex administered by the Rocky 

flats Operations Office of the DOE. The operating contractor for the RFP is EG&G Rocky flats, Inc. The 

facility manufactures components for nudear weapons and conducts plutonium reprocessing and has been 

in operation since 1951. The RFP fabricates components from plutonium, uranium, beryllium, and stainless 

steel. Historically, production activities have included metai fabrication, machining, and assembly. Both 

radioactive and nonradioactive wastes are generated in the process. Current waste handling practices involve 

on-site and off-site recycling of hazardous materials and off-site disposal of sdid radioactive materials at 

another DOE fadUty. 

-, 

- -- 

The RFP is currently an Interim status RCRA hazardous waste treatment/storage facility. In the past, 

both storage and disposal of hazardous and radioactive wastes occurred at on-site locations. Preliminary 

assessments conducted under Phase 1 of the Environmental Restoration (ER) Program Mentified some of the 

past on-site storage and disposal locations as potential sources of environmental contamination. 

Much 1991 
Pq. 2-1 



I I 1  I 

4 
d 

-N- 

Much 1881  
Page 2-2 



2.1.2 ODeraMe Unit 2 Desc riotion 

OU 2 is comprised of the 903 Pad and Lip, Mound, and East Trenches Areas which are located east- 

southeast of the RFP as shown in Figure 2-2. The Areas of OU 2 lie within either the South Walnut Creek or 

Woman Creek drainage basins. Although this IM/IRA Plan exclusively addresses the collection and treatment 

of contaminated South Walnut Creek Basin surface water, k is useful to examine the historical uses and 

characteristics of all OU 2 Areas, including the 903 Pad and lip Area which lies entirely within the Woman 

Creek drainage basin. 

Twenty sites, designated as IHSSs. lie within OU 2: five in the 903 Pad Area, four in the Mound Area, 

and 1 1  in the East Trenches Areas. The historical use of the OU 2 IHSSs is discussed below. 

2.1.2.1 903 Pad Area 

0 
Five sites are located within the 903 Pad Area (Figure 2-2). These sites are: 

903 Drum Storage Site (IHSS Ref. No. 112) 

903 Lip Site (IHSS Ref. No. 155) 

Trench T-2 Site (IHSS Ref. No. 109) 

Reactive Metal Destruction Site (IHSS Ref. No. 140) 

- _.- Gas Detoxification Site (IHSS Ref. No. 183)  

Presented below are brief descriptions of each of these sites. 

1 .  903 Drum Storage Site (IHSS Ref. No. 112) - The site was used from 1958 to 1967 to store drums 
containing radioactively contaminated, used machine cutting oil. The drums, some of which corroded 
and leaked, contained oils and solvents contaminated with plutonium or uranium. Most of the drums 
contained lathe codant consisting of mineral oil and carbon tetrachloride (CUJ in varying proportions. 
However, an unknown number of drums contained hydraulic oils, vacuum pump oils, trichloroethene 
(TCE), tetrachloroethene (PCE), silicone oils, and acetone (Rockwell International, 1987b). 
Ethanolamine was also added to new drums after 1959 to reduce the drum corrosion rate. All drums 
were removed by 1968. 
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After the drums were removed, efforts were made to scrape and move the plutonium-contaminated soil 
into a relatively small area, cover it with fill material, and top it with an asphalt containment cover. This 
remedial action was completed in November 1969. An estimated 5,000 gallons of liquid leaked into the 
soil during w e  of the drum storage site. The liquid was estimated to contain 86 grams of plutonium 
(Rockwell International, 1987b). 

2. 903 Up Site (IHSS Ref. No. 155) - During drum removal and clean-up activities associated with the 
903 Drum Storage Site, winds distributed plutonium beyond the pad to the south and east. Although 
some plutonium-contaminated soils were removed, radioactive contamination is still present at the 903 
Lip Site in the surficial soils. 

3. Trench T-2 Site (IHSS Ref. No. 109) - This trench was used prior to 1968 for the disposal of sanitary 
sewage sludge and flattened drums contaminated with uranium and plutonium. 

4. Reactive Metal Destruction Site (IHSS Ref. No. 140) - This site was used during the 1950s and 1960s 
primarily for the destruction of lithium metal (DOE, 1986). Small quantities of other reactive metals 
(sodium, calcium, and magnesium) and some solvents were also destroyed at this location (Illsley, 
1978). 

5. Gas Detoxtfication Site (IHSS 183) - Building 952, located south of the 903 Drum Storage Site, was 
used to detoxify various bottled gases between June 1982 and August 1983. 

A Phase I RI has been completed for these fwe sites. Phase I1 is planned for this fall. 

(I) 2.1.2.2 Mound Area 

The Mound Area is composed of four sites (Figure 2-2). These are: 

Mound Site (IHSS Ref. No. 113) 

Trench T-1 Site (IHSS Ref. No. 108) 

Oil Bum Pit No. 2 Site (IHSS Ref. No. 153) 

Pallet Bum Site (IHSS Ref. No. 154) 
- .- 

These &ea are described individually below. 

1. Mound Site (IHSS Ref. No. 113) - The Mound Site contained approximately 1,405 drums containing 
primarily depleted uranium and plutonium contaminated lathe codant. Some drums also contained 
"Perclene' (Smith, 1975). Perdene was a brand name of tetrachloroethene (Sax and Lewis, 1987). 
Some of the drummed wastes placed in the Mound Site were in solid form (Rockwell International, 
1987b). Cleanup of the Mound Site was accomplished in 1970, and the materials removed were 
packaged and shipped to an off-site DOE facility as radioactive waste. Subsequent surficial soils 
sampling in the vicinity of the excavated Mound Site indicated 0.8 to 112.5 disintegrations per minute 
per gram (d/m/g) alpha activity. This radioactive contamination is thought to have come from the 903 
Drum Storage Site via wind dispersion rather than from the Mound Site (Rockwell International, 1987a). 



0 2. Trench T-1 Site (IHSS Ref. No. 108) - The trench was used from 1954 until 1962 and contains 
approximately 125 drums filled with depleted uranium chips (Dow Chemical, 1971) and plutonium chips 
coated with lathe codant. The drums are still present in this trench. 

3. Oil Bum Pit No. 2 Site (IHSS Ref. No. 153) - Oil Bum Pit No. 2 is actually two parallel trenches which 
were used in 1957 and from 1961 to 1965 to bum 1,082 drums of oil containing uranium (Rockwell 
International, 1987b). The residues from the buming operations and some flattened drums were 
covered with backfill. Clean-up operations were performed in the 1970s (Rockwell International, 1987b). 

Pallet Bum Site (IHSS Ref. No. 154) - An area southwest of Oil Bum Pit No. 2 was reportedly used to 
destroy wooden pallets in 1965. The types of hazardous substances or radionuclkies that may have 
been spilled on these pallets is unknown. Clean-up actions were performed in the 1970s (DOE, 1986). 

4. 

2.1.2.3 East Trenches Area 

The East Trenches Area consists of nine burial trenches and two spray irrigation areas (Figure 2-2). 

The trench numbers and their respective IHSS designations are: 

Trench T-3 - IHSS Ref. No. 110 

Trench T-4 - IHSS Ref. No. 111.1 

Trench T-5 - IHSS Ref. No. 11 1.2 

Trench T 6  - IHSS Ref. No. 11 1.3 

Trench T-7 - IHSS Ref. No. 11 1.4 

Trench T-8 - IHSS Ref. No. 11 1.5 

Trench T-9 - IHSS Ref. No. 11 1.6 

Trench T-10 - IHSS Ref. No. 1 1 1.7 

Trench T-1 1 - IHSS Ref. No. 11 1.8 
- .- 

Trenches T-3, T-4, T-10, and 1-1 1 are located north of the east access road, and trenches T-5 through 

T-9 are located south of the east access road. The trenches were used from 1954 to 1968 for disposal of 

depleted uranium, flattened depleted uranium and plutonium-contamimted drums, and sanitary sewage sludge. 

The wastes have not been disturbed since their burial. * 
Much 1881 
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IHSS numbers 216.2 and 216.3 are part of the East Trenches Area and are designated as IHSSs 

because they were used for spray irrigation of sewage treatment plant effluent. The historical discharge of 

Pond 8-3 was to this spray irrigation area. This practice has been terminated however, and the current Pond 

8-3 discharge is sent to Pond 8-4. 

2.1.3 Surroundina Land Use and PoDulation Density 

The RFP is located in a rural area (Figure 2-3). Approximately 50 percent of the area within ten miles 

of the RFP is in Jefferson County. The remainder is located in Boulder County (40 percent) and Adams 

County (10 percent). According to the 1973 Cdorado Land Use Map, 75 percent of this land was unused or 

was used for agriculture. Since that time, portions of this land have been converted to housing, with several 

new housing subdivisions being started within a few miles of the buffer zone, southeast of the plant site. 

A demographic study, using 1990 census data, shows that approximately 1.9 million people lived within 

the eightcounty Denver metropolitan region. This region covers approximately 5,076 square miles and 

includes the fdlowing counties: Adams, Arapahoe, Boulder, Denver, Douglas, Jefferson, Clear Creek, and 

Gilpin. The most populated sector is to the southeast, toward the center of Denver. This sector had a 1989 

population of approximately 600,OOO people living between 10 and 50 miles from Rocky Flats. Recent 

population estimates registered by the Denver Regional Council of Governments (DRCOG) for the eight-county 

Denver metro region have shown distinct patterns of growth between the first and second halves of the 

decade. Between 1980 and 1985, the population of the eight-county region increased by 197,890, a 2.4 

percent annual growth rate (ORCOG, 1989). Between 1985 and 1990 a population gain of 80,875 was 

recorded, representing a 0.9 percent annual increase. The 1990 population showed an increase of 9,300 (or 

0.5 percent) from the same date in 1989 (DRCOG, 1990). 

- .- 

The RFP is approximately located in the center of RFP legal land area which is approximately 3 miles 

(north-south) by 4 miles (east-west). There are eight public schods within six miles of the RFP. The nearest a 
Marcn I991 
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FIGURE 2-3 
LAND USE IN THE VICINITY OF ROCKY FLATS PLANT 
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0 educational facility is the Witt Elementary School, which is approximately 2.7 miles east of the Plant buffer zone. 

The closest hospital is Centennial Peaks Hospital, located approximately seven miles northeast. The closest 

park and recreatlonel area is the Standley Lake area, which is approximately five miles southeast of the Plant. 

Boating, picnicking, and limited overnight camping are permitted. Several other small parks exist in 

communities within ten miles. The dosest major park, Golden Gate Canyon State Park, located approximately 

15 miles to the southwest, provides 8,400 acres of general camping and outdoor recreation. Other national 

and state parks are located hr the mountains west of the RFP, but all are more than 15 miles away. 

Some of the land adjacent to the Plant is zoned for industrial development. Industrial facilities within 

five miles indude the former TOSCO (The 01 Shale Company) laboratory (So-acre site located two miles south 

and now occupied by Analytical Inc.), the Great Western lnorganics Plant (two miles south), the Frontier Forest 

Products yard (two miles south), the ldealite Lightweight Aggregate Plant (2.4 miles northwest), and the 

Jefferson County Airport and Industrial Park (990acre site located 4.8 miles northeast). e 
Several ranches are located within ten miles of the Plant, primarily in Jefferson and Boulder Counties. 

They are operated to produce crops, raise beef cattle, supply milk, and breed and train horses. According to 

the 1987 Colorado Agricultural Statistics, 20,758 acres of crops were planted in Jefferson County (total land 

area of approximately 475,000 acres), and 68,760 acres of crops were planted in Boulder County (total land 

area of 405,760 acres). Crops consisted of: winter wheat, corn, barley, dry beans, sugar beets, hay, and oats. 

Livestock consisted & 5,314 head d cattle, 11 3 hogs, and 346 sheep in Jefferson County, and 19,578 head 

of cattle, 2,216 hog& and 12,133 sheep in Boulder County (Post, 1989). 
- -- 

2.2 AFFECTED AND SFNSmVE E M  RONMENT 

2.2.1 Phvsical Fnvironmea 

The natural environment of the Plant and vicinity is influenced primarily by its proximity to the Front 0 
Range of the Rocky Mountains. The Plant is directly east of the north-south trending Rocky Mountains, with 
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0 an elevation of approximately 6,000 feet above sea level. The RFP is located on a broad, eastward-sloping 

plain of overlapping alluvial fans developed along the Front Range. The fans extend about five miles in an 

eastward direction from their origin in the abruptly rising Front Range and terminate on the east at a break in 

slope to low rolling hills. The continental dMde is about 16 miles west of the Plant. The operational area at 

the Plant is located near the eastern edge of the fans on a terrace between stream-cut valleys (North Walnut 

Creek and Woman Creek). The Rocky Flats Alluvium (the deposit of coalescing alluvial fans) is exposed at the 

surface and consists of a topsoil layer underlain by as much as 100 feet of silt, clay, sand, and gravel. 

The RFP Is situated in a semiarid region that averages 15 inches of annual precipitation. Forty percent 

of the yearly total comes in the spring, much of It in the form of snow. Of the balance, 30 percent is accounted 

for by summer thunderstorms, with the rest occumng in the fall (11 percent) and winter months (19 percent). 

Average yearly snowfall is 85 inches. Runoff control structures exist to channel surface water from the Plant 

to monitoring ponds. These structures are sized to accommodate the 100-year storm event which is equivalent 

to four inches of rain in a sixhour perid. e 
Mineral resources found in the vicinity of RFP indude sand, gravel, crushed rock, clay, coal, and 

uranium. There are no known day, coal or uranium deposits within the RFP buffer zone; however, these 

commodities are mined in the region, within 20 miles of the plant. The Schwartzwalder Uranium Mine is 

located approximately four miles southwest of the RFP. The mine has been the largest producer of vein type 

uranium ore in Colorado and ranks among the six largest of this type in the United States (DOE, 1980). Active 

sand and gravel mines lle within the Mer zone boundaries. There is an aggregate processing facility adjacent 
- .- 

to the northwmt comer of the buffer zone which reopened in 1989. Oil and natural gas production is also 

active in nearby northwest Adams County and east central Boulder County. 

01 and natural gas activity near Rocky Flats Plant indudes ON fieid developments, pipeline, and 

production operations. The dosest major oil and gas fields are in northwest Adams County (Jackpot and 

Spindle Fields), and a smaller field occurs in east central Boulder County (Boulder Field). A natural gas 

pipeline that originates in Wyoming and proceeds across eastern Colorado into Oklahoma is located 

0 
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approximateiy ten miles north of the Plant in southern Boulder County. Local natural gas pipelines cross the 

south side of the Rocky Flats Plant. The nearest refinery operation is the Conoco Refinery located in 

Commerce City about 20 miles east of the Plant. A north-south oriented oil pipeline feeds in to the refinery 

from fidds in northeastern Colorado and southeastern Wyoming (Donaldson and MacMillan, 1980). 

There are four main drainages from the Plant property as shown on Figure 24.  North Walnut, South 

Walnut, Rock and Woman Creeks all have intermittent streams which provide drinking water and irrigation 

water. There are a number of ditches crossing the area as well, conveying water collected off site to other 

areas, the Plant, Walnut Creek, or Woman Creek. Until late 1974, Plant wastewater had been discharged to 

Walnut Creek, and until 1975, filter backwash from the raw water treatment plant went into Woman Creek. 

All process wastewater Is now either recycled or disposed through evaporation. Sanitary wastewater is 

discharged in accordance with the RFP's NPDES permit effluent requirements. 

2.2.2 M o n a l  and Local HvdroaedqOy 

The stratigraphic section that pertains to the RFP indudes, in descending order, unconsolidated surficial 

units (Rocky flats Alluvium, various terrace alluviums, valley fill alluvium, and colluvium) (Figure 2-5), Arapahoe 

Formation, Laramie Formation, and Fox Hills Sandstone (Figure 2-6). Ground water occurs under unconfined 

conditions in both the surficiel and shallow bedrock units. In addition, confined ground-water flow occurs in 

deeper bedrock sandstones. 
- .- 

2.2.2.1 Alluvial Materials 

The R o c k y  Flats Alluvium underfles a large portion of the Plant. The alluvium is a broad planar deposit 

consisting of a topsoil layer underlain by up to 100 feet of poorfy stratifled silt, clay, sand, gravel and cobbles. 

Unconfined ground-water flow occurs in the Rocky flats Alluvium which is relatively permeable. Recharge to 

the alluvium is from precipitation, snowmelt, and water losses from ditches, streams, and ponds that are cut 

into the alluvium. General water movement in the Rocky flats Alluvium is from west to east and toward the 

0 
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drainages. Ground-water flow is also controlled by sediment drainages in the top of bedrock. The water table 

in the Rocky flats Alluvium rises in response to recharge during the spring and declines during the remainder 

of the year. Discharge from the alluvium occurs at minor seeps in the colluvium that covers the contact 

between the alluvium and bedrock along the edges of the valleys. OU 2 is situated on a terrace of Rocky Flats 

Alluvium that thins east of the Plant and does not directly supply water to wells located downgradient of Rocky 

flats. 

Various other alluvial deposits occur topographically below the Rocky Flats Alluvium in the Plant 

drainages. Cdluvium (slope wash) mantles the valley side slopes between the Rocky flats Alluvium and the 

valley bottoms. In addition, remnants of younger terrace deposits including the Verdos, Slocum, and Lowiers 

Alluvia occur occasionally along the valley side slopes. Recent valley fill alluvium occurs in the active stream 

channels. 

Unconfined ground-water flow occurs in these surficial units. Recharge is from precipitation, percolation 

from streams and ditches during periods of surface water runoff, and by seeps discharging from the Rocky 

flats Alluvium. Discharge is by evapotranspiration and by seepage into other geologic formations and streams. 

The direction of ground-water flow is generally downslope through colluvial materials and then along the course 

of the stream in valley fill materials. During periods of high surface water flow, water is lost to bank storage 

0 

in the valley fill alluvium and returns to the stream after the runoff subsides. 

2.2.2.2 Bedrock Mteriiiis 

The Cretaceous Arapahoe Formation underlies surficial materials beneath the Plant. This formation is 

a fluvial deposit composed of overbank and channel deposits. It consists primarily of claystone with some 

sandstone and is nearly flat lying beneath the Plant (less than a twodegree dip) based on the draft seismic 

profiling report (Rockwell International, 1989a). The sand bodies within the claystone are composed of fine- 

grained sands and silts, and their hydraulic conductivity is relatively low compared to the overlying Rocky Flats @ 



a Alluvium. A high resolution seismic reflection survey is ongoing at the Plant to further characterize bedrock 

gedogy. 

The Arapahoe Formation is recharged by ground-water movements from overlying sudicial deposits 

and by leakage from streams. The main recharge areas are under the Rocky Flats Alluvium, although some 

recharge from the colluvium and valley fill alluvium likely occurs along the stream valleys. Recharge is greatest 

during the spring and early summer when rainfall and stream flow are at a maximum and water levels in the 

Rocky Flats Alluvium are high. Ground-water movement In the Arapahoe Formation is generally toward the 

east, although flow within indhklual sandstones is not fully characterized at this time. Regionally, ground-water 

flow in the Arapahoe Formation Is toward the South Platte River in the center of the Denver Basin (Robson, 

1981a). 

The Laramie formation underlies the Arapahoe and is composed of two units, a thick upper claystone 

and a lower sandstone. The claystone is greater than 700 feet thick and is of very low hydraulic conductivity; 

therefore, the U.S. Geologic Survey (Hun, 1976) concludes that Plant operations will not impact any units 
a 

below the upper daystone unit of the Laramie Formation. 

The lower sandstone unit of the Laramie Formation and the underlying Fox Hills Sandstone comprise 

a regionally important aquifer in the Denver Basin known as the Laramie-Fox Hills Aquifer. Aquifer thickness 

ranges from 200 to 300 feet near the center of the basin. These units subcrop west of the Plant and can be 

seen in day pits ex&&d through the Rocky Flats Alluvium. The steeply dipping beds of these units west 

of the Plant (appmhately a Sodegree dip) quickly flatten to the east (less than twodegree dip) based on 

preliminary results of the high resolution seismic reflection study (Rockwell International, 1989a). Recharge 

to the aquifer occurs along the rather limited outcrop area exposed to surface water flow and leakage along 

the Front Range (Robson, 1981 b). 

Sixteen wells were completed in various zones within bedrock during the 1987 drilling program at OU 2. 

Although claystone was the most frequently encountered lithology immediately below the ailuvium/bedrock 
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0 contact, interbedded sandy, silty and lignitic units with both gradational and sharp contacts were present as 

well. All of the bedrock encountered directly beneath surficial materials was weathered, and some saturated 

sandstones were encountered. 

2.2.3 Site Hvd rdogy 

2.2.3.1 Surface Water 

Surface water drainage patterns at the RFP are shown on Figures 2-2 and 24. A discussion of the 

major OU 2 surface water features, including the South Walnut Creek and Woman Creek drainages, is 

presented below. Although this iM/IRA Plan addresses collection and treatment of contaminated South Walnut 

Creek Basin surface water; the Woman Creek drainage is included in the following discussion to provide a 

complete description of OU 2 hydrology. Collection and treatment of Woman Creek Basin seepage southeast 

of the 903 Pad Area will be addressed In a separate IM/IRA Plan as discussed in Section 1 .  @ 

South Walnut Cre& 

The headwaters area of South Walnut Creek has been filled during construction of RFP facilities. As 

a result, flow originates from a buried culvert located west of Building 991. flow in the upper reach of South 

Walnut Creek is directed to the south of Building 991 and under the Perimeter Security Zone (PSZ) fence by 

a buried metal w&& culvert. The culvert outlet is located in the South Walnut Creek drainage 

approximately 500 feet dawngradient of the PSZ fence near the discharge of the sewage treatment plant (see 

Figure 4-2). A concrete culvert and a second metal corrugated culvert also discharge into the South Walnut 

Creek drainage just downgradient of the PSZ fence and north of the Mound Area. The flow from the concrete 

culvert originates as seepage from the hillside south of Building 991 and flows into a dkch along the slope. 

The metal corrugated cutvert drains plant runoff collecting in a drainage south of the PSZ. The combined flow 

then enters the South Walnut Creek detention pond system. Below the detention ponds, South Walnut Creek, 

North Walnut Creek, and an unnamed tributary join within the buffer zone to form Walnut Creek. Great Western 

0 
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e Reservoir is located approximately one mile east of this confluence and is a drinking water source for 

Broomfield. flow Is routed around Great Western Reservoir by the Broomfield diversion canal. 

The South Walnut Creek detention pond system consists of fnre ponds (B-1,6-2,8-3,84, and B-5) that 

retain surface water runoff and RFP discharges for flood control, and for monitoring and treatment prior to 

downstream release. All flow in the pond system is eventually detained in Pond 8-5, where it is treated and 

monitored prior to discharge. Water is discharged from Pond 8-5 in accordance with the Plant’s NPDES permit 

(discharge point 006). Ponds 6-1 and 8-2 are reserved for spill control. surface water runoff, or treated 

sanitary waste of questionable quality. Pond 83 is used as a holding pond for sanitary sewage treatment plant 

effluent. The historical discharge of Pond 8-3 was a spray irrigation system located in the vicinity of the East 

Trenches. This practice has been terminated, however, and the current Pond 8-3 discharge is sent to Pond 

8-4. In addition to Pond 6-3 discharge, Ponds 84 and B-5 receive surface water runoff from the central 

portion of the Plant. The surface water runoff received by Pond 8-4 is collected by the Central Avenue Ditch 

and the South Walnut Creek Drainage. a 
Woman Creek 

Woman Creek is located south of the Plant, with headwaters in largely undisturbed Rocky Flats 

Alluvium. Runoff from the southern part of the Plant is collected in the South interceptor Ditch located north 

of the creek and delivered downstream to Pond C-2 (see Figure 2-2). Pond C-1 (upstream of (2-2) receives 

stream flow from Women Creek. flow in Woman Creek is also influenced by diversion of water from Rocky 
- .- 

flats Lake Into the creek by local landowners. The discharge from Pond C-1 is diverted around Pond C-2 into 

the Woman Creek channel downstream. Water in Pond C-2 is treated and monitored prior to discharge. 

Discharge from Pond C-2 is in accordance with the Plant’s NPDES permit (discharge point 007). Historically, 

discharge from Pond C-2 has been to Woman Creek, however, since October of 1989, treated water is being 

pumped to the South Walnut Creek drainage and flows off site via the Broomfield diversion canal. 0 
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flow in Woman Creek and the South Interceptor Ditch is intermittent. This has been observed by field 

investigation crews since 1986 and is indicative of frequent interaction with the shallow ground-water system. 

2.2.3.2 Ground Water 

Ground water occurs in surficial materials (Rocky flats Alluvium, colluvium, and valley fill alluvium) and 

in Arapahoe sandstones and claystones at OU 2. These two flow systems, which are hydraulically connected 

at shallower portions of the Arapahoe Formation, are discussed separately below. 

Ground water is present in the Rocky flats Alluvium, colluvium, and valley fill alluvium under unconfned 

conditions. Recharge to the water table occurs as infiltration of incident precipitation and as seepage from 

ditches and creeks. In addition, detention ponds along South Walnut Creek and Woman Creek recharge the 

valley fill alluvium. Figure 2-7 shows the potentiometric surface of uppermost ground water measured between 

April 4 and April 8, 1988, and the locations of alluvial and bedrock wells in the vicinity of OU 2. 

0 

The shallow groundwater flow system is quite dynamic, with large water level changes occurring in 

response to precipitation events and stream and ditch flow. For example, between mid-April and September, 

1986, water levels krweik 1-86 and 4-86 (completed in valley fill alluvium) dropped more than four and eight 

feet, respecttvely. Alluvial water levels are highest during the months of May and June. Water levels decline 

during late summer and fall, and some wells go completely dry at this time of year. Ground-water flow in the 

Rocky Flats Alluvium is generally from west to east, following the surface of the claystone bedrock. 

Alluvial ground water discharges to seeps, springs, surface water drainages, and subcropping Arapahoe 

Sandstone at OU 2. Seeps and springs occur along the edge of the Rocky Flats Alluvium terrace (at the 

allwium/bedrock contact) and on the side slopes of the terrace. Seeps and springs on the terrace side slopes 

@ 

Much 1981 
P q o  2.19 



@ may be due to thinning of colluvial materials. Ground water in colluvial materials south of the 903 Pad and 

East Trenches Areas discharges to the South Interceptor Ditch, and ground water in valley fill materials 

discharges to Woman or South Walnut Creeks. 

Hydraulic conductMty values were estimated for surficial materials from drawdown-recovery tests 

performed on 1986 wells during the initial site characterization and from slug tests performed on selected 1986 

and 1987 wells during the Phase I RI (Rockwell International, 1987a). The average ground-water velocities in 

the Rocky Flats Alluvium, Woman Creek Valley Fill Alluvium, and South Walnut Creek Valley Fill Alluvium are 

84 ft/yr, 145 ft/yr, and 20 ft/yr, respectively (Rockwell International, 1987a). These values are based on a 

horizontal gradient of 0.02 feetlfeet (ft/ft), an effective porosity of 0.1, and mean hydraulic conductivities of 4 x 

lo4, 7 x 10* and 9.5 x loa cm/s for Rocky Flats, Woman Creek Valley F11 and South Walnut Creek Valley Fill 

Alluvium, respectively. The calculations assume year-round saturation. However, as discussed above, portions 

of the Rocky mats Alluvium, colluvium, and valley fill alluvium are not continuously saturated. Thus, the shallow 

ground water must flow at less than the calculated annual average velocities. The reactivity of dissolved 

constituents could further reduce contaminant migration rates below estimated ground-water velocities. 

@ 

Bedrock Ground Water 

The greatest potentW for ground-water flow in the Arapahoe Formation occurs in the meandering 

lenticular sandstones contained within the claystones (i.e., the basal formation) due to their relatively higher 

permeability. Flow within individual sandstones is assumed to be from west to east, but the geometry of the 

bedrock ground-water flow path is not fully understood at this time due to its dependence upon the continuity 

of the sandstones and their hydraulic interconnection (Robson, 1981 a). Ground-water recharged to sandstones 

occurs as infiltration from alluvial ground water where sandstones subcrop beneath the alluvium and by leakage 

- .- 

from claystones overlying the sandstones. 

used for irrigation, livestock, watering, and * Denver Basin. 

Ground-water from the basal formation of the Arapahoe aquifer is 

domestic purposes. Wells are located east of the RFP within the 
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There is a strong downward gradient between ground water in surficial materials and bedrock. Vertical 

gradients range from 0.31 ft/ft between wells 35-86 and 34-86 to 1.05 ft/ft between wells 41-86 and 40-86. 

These gradients imply a relatively high hydraulic conductivity contrast between the surficial materials and 

bedrock, which is supported by hydraulic conductivii test results. 

Flow within sandstones Is regionaily west to east. The geometry of the ground-water flow path in the 

bedrock is not fully understood at this time because it depends upon the continuity of the sandstones and their 

interconnection. Evaluation of the lateral extent and degree of interconnection of the sandstone units is a 

primary goal of the Phase I1 and Phase 111 Remedial Investigations for OU 2. 

Hydraulic conductivity values for Arapahoe sandstones were estimated from drawdown-recovery tests 

performed In 1986, slug tests performed in 1987, and packer tests performed In 1986 and 1987. The maximum 

horizontal ground-water flow velocity in sandstone is 75 ft/yr using a hydraulic conductivity of 83 ft/yr, a 

horizontal gradient of 0.09 ft/ft, and an assumed effective porosity of 0.1. 0 
2.2.4 Ecdoay 

Within the Plant boundaries a variety of vegetation thrives. Included are species of flora representative 

of tall grass prairie, short grass plains, lower montane, and foothill ravine regions, with none being on the 

endangered species list. It is evident that the vegetative cover along the Front Range of the Rocky Mountains 

has been radically altered by human activities such as burning, timber cutting, road building, and overgrazing 
- .- 

for many years. Since the acquisition of the RFP property, vegetative recovery has occurred as evidenced by 

the presence of grasses like big bluestem and sideoats grama (two disturbancesensitive species). No 

vegetative stresses attributable to hazardous waste contamination have been identified (DOE, 1980). 

The animal life inhabiting the RFP and its buffer zone consists of species associated with western prairie 

regions. The most common large mammal is the mule deer, with an estimated 100 to 125 permanent 

residents. There are a number of small carnivores, such as the coyote, red fox, striped skunk, and long-tailed 
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0 weasel. A profusion of small herbivore species can be found throughout the Plant and buffer zone consisting 

of species such as the pocket gopher, white-tailed jackrabbit, and the meadow vde (DOE, 1980). 

Commonly observed birds include western meadowlarks, homed larks, mourning doves, and vesper 

sparrow. A variety of ducks, killdeer, and red-winged blackbirds are seen in areas adjacent to ponds. Mallards 

and other ducks frequently nest and raise young on several of the ponds. Common birds of prey in the area 

include marsh hawks, red-tailed hawks, ferruginous hawks, rough-legged hawks, and great horned owls (DOE, 

1980). 

Bull snakes and rattlesnakes are the most frequently observed reptiles. Eastern yellow-bellied racers 

have also been seen. The eastem short-homed lizard has been reported on the site, but these and other 

lizards are not commonly observed. The westem painted turtle and the western plains garter snake are found 

in and around many of the ponds (DOE, 1980). 

2.2.5 Sensittve Environments and Enda naered S ~ e c  ieS 

The Endangered Species Act of 1973 (Public Law 93-0205), as amended, provides that all federal 

agencies implement programs for the conservation of listed endangered and threatened species. Federal 

agencies must ensure that actions authorized, funded, or camed out by them will not jeopardize the continued 

existence of any endangered or threatened species. 
- .- 

The U. S. Fbh and Wildlife Service (USWS) has indicated that the two endangered species of interest 

in the RFP area are the bald eagle and the black-footed ferret (Rockwell International, 1988~). Prairie dog 

towns provide the food source and habitat for ferrets. Since there are no prairie dog towns in or near the 881 

Hillside Area which is near the 903 Pad, Mound and East Trenches, the USWS has determined that ferrets 

probably do not exist in the investigation area. Bald eagles are occasional visitors to the area, primarily during 

migration times. Sightings are rare and little suitable habitat exists on the RFP site other than some perching 

locations. No nests are found on the RFP site. The proposed action will not adversely affect the bald eagle. 



0 The USFWS has concurred with these findings subsequent to a field visit on 15 June 1988 (Rockwell 

International, 1988c). 

Other animal species of interest that exist in the RFP area include burrowing owis and Swainson's 

hawks. Cottonwood trees within approximately one quarter mile of the 903 Pad, Mound, and East Trenches 

Areas were investigated to determine if any raptor nests exist and none were found. The nearest population 

of burrowing owls is approximately two miles to the east. The nearest population of Swainson's Hawks could 

be in the cottonwood trees in the area of the North Walnut Creek or Rock Creek drainages, north of the 881 

Hillside area. 

The 903 Pad, Mound, and East Trenches Areas are not used, nor intended for use, as a public or 

recreational area, nor for the development of any unique natural resource. No unique ecosystems were found 

at the RFP during extensive biological studies (DOE, 1980). 

2.2.6 Wetland8 

Initial consultation with the USFWS and the U.S. Army Corps of Engineers was conducted in the spring 

of 1988. Wetlands at the RFP site were delineated. The proposed action is not located in the delineated 

wetlands. Aerial photography imagery for the 903 Pad, Mound, and East Trenches Areas was examined for 

wetlands identification followed by limited site inspection (EG&G, 1990b). Two isdated stands of wetlands 

vegetation containing common cat-tad (Tvbha latifolig) were located primarily within IHSS 140, where ground 
- .- 

water flowing tQwsJd the terrace edges emerges as seeps or springs at the contact between the alluvium and 

bedrock. The two areas are each less than 20 square feet In size. 

Linear wetlands areas have been identified along both the Woman Creek and South Interceptor Ditch 

drainage areas. These drainages collect surface water upgradient from OU 2 and deliver the water to pond 

C-2 for treatment. Evenly-spaced drop structures along the South Interceptor Ditch have lowered flow 

velocities, increased sediment accumulation, and created fairly dense linear stands of wetlands. From a point 

* 
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due south of Building 881 and extending to the C-2 Pond, approximately 0.15 acres of wetland are contained 

within this portion of the South Interceptor Ditch. Wetland species observed were primarily cattails (greater 
0 

than 95 percent predominance), spike rush (ueocharis macrostachvd and bullrush (ScimUBmericanuS). The 

wetlands function primarily as flow attenuation features with additional minor contributions to wildlife habitat 

and water quality enhancement. Drainage contribution to the South Interceptor Ditch from OU 2 is minimal. 

2.2.7 Historic Sites 

The National Historic Preservation Act of 1966 (Public Law 89-665) together with subsequent law 

amendments (Public Laws 91-243, 93-54, 94422, 94458) provides that all federal agencies implement 

programs for the protection of archeological and historical resources. 

The 903 Pad, Mound and East Trenches Areas have been highly disturbed over a number of years. 

Due to this disturbance and the topographic position of the subject area, the State Office of Archeology and 

Historic Preservation has determined that this action will not impact cultural resources (Burney, 1989). An 

archaeological and historical survey of the RFP was conducted between July 18 and August 22,1988, which 

@ 

determined two sites have potential eligibdity to the National Register of Historic Places. However, 

insufficient information currently exists to make this determination. These two sites are located northwest and 

southwest of the investigation area and will not be disturbed by the proposed action (Bumey, 1989). 

- .- 
2.3 CONTAMINANTS - DESCRIPTION AND SOU RCES 

2.3.1 Bac karound Characteriza tion 

In order to facilitate the interpretation of chemical results in non-background areas, a background 

characterization program has been implemented to define the spatial and temporal variability of naturally 

occurring constituents. Fieldwork was conducted in 1989, and a draft Background Geochemical 

Characterization Report was prepared and submitted to the regulatory agencies on December 15, 1989 

0 
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(Rockwell International, 1989c). The document summarizes the background data for ground water, surface 

water, sediments, and geoiogic materials, and identifies preliminary statistical boundaries of background 

variability. Spatlal variations in the chemistry of gedogic materials and water were addressed by placing 

sample locations throughout background areas at the Plant. The goal of evaluating temporal variations in water 

chemistry has not yet been achieved because at least two years of quartedy data are needed. 

The draft report has been updated by incorporation of analytical data that were unavailable in December 

1989, including additional rounds of ground-water and surface water samples for which laboratory analyses 

were not available. The information in the draft background geochemical report has been used to preliminarily 

characterize Inorganic contamination at the 903 Pad, Mound, and East Trenches Areas. The draft repon 

presents tderance intervals for surface water, sediment, and various soil lithdogies and hydrogeologic units 

(ground water). The tolerance intervals are statistical ranges of the background analyte concentrations in the 

various media that represent 95 percent of the population with 95 percent confidence. Summary tables of the 

upper limits of these tolerance intervals are provided in Tables A-1 through A 4  (see Appendix A) for reference. e 
2.3.2 Ground-Water Contamination 

Ground water at the RFP has been monitored since 1986. Wells have been installed throughout the 

property and are sampled quarteriy. The following discussion is based on the resulting data. 

- .c 

2.3.2.1 Volatile Organk Contamination 

Table A-5 (Append& A) presents all volatile organic compounds (VOCs) with concentrations that are 

above detection limits in the unconfined ground-water system during the second quarter of 1989. These are 

the most recent validated data pertaining to the same season for which the background levels were 

determined. Maximum concentrations of vdatile organics based on the complete data set (1986-1989 

sampling) are summarized in Table A-6. The primary volatile organic ground-water contaminants (CCI,, PCE, a 
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and TCE) are portrayed with isopleths in Figures 2 8  through 2-10 based on second quarter 1989 data for both 

unconfined alluvial and bedrock wells. 

The data in Tables A-5 and A 6  confirm the relative dominance of CCI,, PCE and TCE in alluvial and 

shallow bedrock ground water at OU 2 compared to other volatile organic compounds, and documents 

occurrences of 1 ,ldichloroethane (1,l-DCA), 1,l dichloroethene (1,l-DCE), 1,2dichloroethene (l,P-DCE), and 

vinyl chloride (all are possible degradation products of the principal contaminants), and 1,1,1 -TCA, total-l,2- 

DCE, 2-hexanone, CHCI,, methylene chloride, acetone and carbon disulfide. The latter four analytes were 

reported at levels below detection limit and therefore represent only estimated values. 

The distribution of the principal contaminants suggests that the 903 Pad is the main source of CCI,, with 

possible contributions from the northern East Trenches. The Mound Area is the main source of PCE, and TCE 

occurs throughout OU 2 implying multiple sources. The Phase II Work Plan for this site discusses volatile 

organic ground-water contamination in further detail (EG&G, 1 M a ) .  e 
2.3.2.2 Inorganic Contamination 

Maior long 

Major ions and total dissolved solids (TDS) are somewhat elevated above background throughout and 

downgradient of the 903 Pad, Mound and East Trenches Areas (Table A-7, Appendbc A). Total dissolved solids 

typically ranged between 400 and loo0 milligrams per liter (mgll); chloride was generally 30-1 00 mg/P, nitrate 

was 2-10 mg/l, and most sulfate concentrations were between 10 and 100 mg/l inlhe second quarter of 

1989. In general, major cations were accordingly elevated. The highest concentrations of major ions are in 

well 29-87 southeast of the 903 Pad, although ground water at the northernmost wells (34-87 and 3587) was 

also quite high in TDS (-lo00 mg/O). 

- .- 
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Aluminum, antimony, arsenic, barium, cadmium, chromiw, copper, iron, lead, lithium, manganese, 

mercury, molybdenum, nickel, potassium, Selenium, Silver, Strontium, vanadium and zinc exceeded background 

in one or more wells in the second quarter of 1989. Table A-8 (Appendix A), a summary of multiple sampling 

events (up to fourteen samples cdlected from each well during 1987-1989), shows that only a subset of these 

analytes repeatedly exceed background (upper limit of the tolerance intend) and/or exceed background by 

a wide margin. The sporadic exceedances of background, and the absence of apparent gradients in metal 

concentrations with respect to IHSSs, hinders drawing definite conclusions as to whether these constituents 

are derived from IHSSs (EG&G, 1990a). Section 2.3.5 makes reference to this and other ambiguities in the 

ground-water chemistry data to the extent that they may be relevant to the Surface Water IM/IRA Plan. 

Radionuclides 

Table A-9 (Appendix A) shows that dissolved concentrations of the uranium isotopes (U-234, U-235. 

and U-238), plutonium, and americium have been above background at OU 2. The maximum concentration 

for uranium 238 was 28 f 2 pCi/L in well 12-87 In the 903 Pad Area. Numerous Occurrences of uranium at 

lower concentrations and in wells completed in diverse lithologies demonstrate that the distribution of uranium 

is not thoroughly delineated at OU 2. With respect to plutonium and americium, results at wells 15-87 and 1 1 - 

87 were the most elevated (plutonium 0.522 f .117 pCi/O and 0.199 f 0.07 pCi/L, respectively; americium 

0.831 f 0.148 pClp ard 0.06 f .05 pCi/O, respectively). 

2.3.3 Soil -ti0 n 

The extent of soil contamination at the 903 Pad, Mound, and East Trenches Areas was determined from 

soil samples cdlected in 1987 during the Phase I RI. Samples were cdlected from boreholes drilled in and 

adjacent to known IHSS locations (Figure 2-1 1). Two-foot intervals were cornposited for organic analyses, and 

two- to ten-foot intervals were composited for all other analytes. Boreholes were not drilled into sites still 
e 
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containing wastes (the trenches and 903 Pad) due to potential health hazards to field workers and potential 

for release of waste constituents to the environment. The soiis data are summarized here because of the 

potential influences contaminated soils may have on surface water quality. Either direct contributions via 

overland runoff, or direct influences v h  ground-water interactions are possible. The discussion is considered 

preliminary because wastes were not directly sampled and soils data are still being evaluated. 

VOCs, including PCE, TCE, toluene, 2-butanone, CCI,, acetone and methylene chloride, were reported 

in samples from the 903 Pad and East Trenches Areas (see Table A-10). Occurrences of total xylenes, 

ethylbenzene and toluene were also reported for the 903 Pad Area, whereas 1 -2dichloroethane (1 ,2-OCA), 

l,l,l-TCA, and l,l,P-TCA were reported in an East Trenches borehole. The Mound Area, like other portions 

of OU 2, contained acetone (hundreds of pg/l) and methylene chloride (typically tens of pg/O) at 

concentrations too low to unambiguously demonstrate contamination with these compounds. Other organic 

constituents in the Mound Area (PCE, CHCI,, 1,P-DCA) were less numerous and at lower levels than at other 

areas within OU 2. Semi-volatile organic compounds di-nSutyl phthalate, bis(2-Ethylhexyl) phthalate, and N- 

nitrosodiphenylamine were detected in numerous boreholes throughout OU 2 (see Table A-1 1, Appendix A). 

Several metals occurred above background in soil samples (aluminum, arsenic, barium, cadmium, 

calcium, iron, mercury, manganese, lead, antimony, vanadium and zinc), although most exceeded background 

by less than a factor of two and/or in only one or two samples. Table A-1 2 (Appendix A) presents maximum 

metal concentrations in soils. 

Plutonium and americium are the principal radionuclide contaminants exhibaing elevated concentrations 

in soils. Table A-13 (Appendix A) presents maximum radionuclide concentrations in soils at OU 2. Highest 

concentrations occurred in samples that lnduded the surface. Because many of the surface soil samples were 

mixed into large composites, the Phase I RI data do not rule out the presence of radionuclides other than 

plutonium and americium. Cesium-137, tritium, and uranium were detected, albeit at near-background 

concentrations and in fewer than ten samples. Surface contamination of soils with plutonium and americium 

was further demonstrated by a recent aerial radiological sulvey (EG&G, 1989). The radioactivity detected in 
a 
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that survey was associated with known radioactive material storage and handling areas (i.e., the 903 Pad), and 

was attributed to plutonium, americium, and a uranium decay product. The survey indicated elevated 

concentrations of americium in soils east of the 903 Pad Lip Site as high as 97 pCi/g, and by inference from 

their expected activity ratio, plutonium as high as 500 pCi/g. Subsequent analysis of samples from the area 

with high americium concentrations indicated plutonium concentrations as high as 457 pCi/g. The cesium-137 

activity was at a level consistent with global fallout and not enriched in the Plant area. 

2.3.4 Sed iment Co ntaminatioq 

Sediments in Woman Creek and South Walnut Creek were sampled in the fall of 1986, and in March 

and October of 1989. Stations SED-28, SED-29, and SED-25 are located within the South Interceptor Ditch 

in the Woman Creek drainage (Figure 2-12). SED-30 and SED-31 are seeps on the South Interceptor Ditch 

berm near station SED-29. SED-27 and SED-26 are along Woman Creek just upstream of Pond C-2. Stations 

SED-1 1, SED-12, and SED-13 are located along South Walnut Creek. SED-1 1 is the most upgradient station, 

SED-12 is just upstream of Pond 6-1, and SED-13 is just downstream of Pond B-5. Stations SED-1 and SED-2 

on Woman Creek and an ephemeral tributary, respectively, are both downstream of OU 2, just west cf Indiana 

Street within the boundary of the buffer zone (east of area depicted by Figure 2-12). 

2.3.4.1 Woman Creek Drainage 

- .- 
VOCs were detected in samples from the sediments in the Woman Creek drainage Fable A-14, 

Appendix A). Chloromethane was present at SED-29 (60 pg/kg), and chloroform was reported at SED-31 (1 8 

pg/kg). Several sediment samples contained methylene chloride and acetone at very low concentrations. 

These compounds were frequently found In associated blanks. SED-30 contained 220 pg/kg acetone at one 

sampling, but acetone was also present in the Hank for this sample and was undetected in two other sampling 

events for this station in 1989. Acetone and methylene chloride results in this area are believed to be 

laboratory artifacts. The only other volatile organic compounds detected in the Woman Creek drainage 

sediment samples were TCE (8 pg/kg) at SED41 (estimated below detection limits elsewhere), and toluene 

estimated Mow detection limit at SED-29 and SED-30. 
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Of the metals, beryllium, lithium, silver, tin, and zinc were notably elevated above background in the 

sediment of the South Interceptor Ditch and Woman Creek (Table A-1 5, Appendix A). Concentrations of silver 

(as high as 49 mg/kg) are greater than fwe times the upper limit of the background range at stations SED-25, 

SED-26, and SED-30. Beryllium was not detected in the background samples ( e  1 .l mg/kg) but occurs at 

concentrations ranging from 3.8 to 15.5 mg/kg in all the sediment sampJes collected from the South Interceptor 

Ditch and Woman Creek. Although tin was not above background ( c  22.8 mg/kg) at SED-27, SED-28, and 

SED-31, it occurred In a range from 364 to 1080 mg/kg in stations SED-25, SED-26, SED-29, and SED-30. 

Concentrations of zinc (as high as 735 mg/kg) are greater than the upper limit of the background range at 

stations SED-1 1, SED-28, SED-29, and SED-30. 

Plutonium was above background at stations SED-1, SED-2, SED-25, SED-26, SED-29, and SED-30, 

ranging in concentration from 0.06 to 0.85 pCi/g (Table A-16, Appendix A). Contaminated surface soil from 

the 903 Pad Area, transported primarily by wind, may be the source of this plutonium. 

2.3.4.2 South Walnut Creek Drainage 

The South Walnut Creek sediment monitoring stations include SED-1 1, SED-12 and SED-13. Only one 

sample was obtained from each of SED-12 and SED-13 (13 August 1986). Due to prioritization of sampling 

activities, additional samples were not collected from these stations. Table A-14, Appendix A shows that 

acetone was reported for all three stations and was also associated with laboratory blanks. SED-1 1 was found 

to contain TCE and P-butanone at concentrations of 39 mg/kg and 12 pg/kg, respectively. All other VOCs 

were either not detected or reported below detection limits for SED-1 1, SED-1 2 and SED-1 3. 

- .- 

As in the Woman Creek drainage, beryllium, lithium, silver, and tin are elevated in the sediments at 

SED-1 1. They occurred at concentrations Of 2.5,7.2, 15.0, and 404 mg/kg, respectively. Zinc was also notably 

elevated, occurring at a concentration of 735 mg/kg (the upper limit of the background tolerance interval is 

93 mg/kg). Uranium 235 was reported at a concentration of 0.2 pCi/g for SED-1 1 and americium levels were 

reported at 0.19 pCi/g and 0.03 pCl/g for SED-12 and SED-13, respectively. Plutonium was also found at a 
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concentration of 0.35 pCi/g at SED-12. Winddispersed contaminated soils from the 903 Pad and Lip Area may 

be the source of these radionuclides. 

2.3.5 Surface Water Contamination 

Twenty-six surface water and surface seep stations in the vicinity of the 903 Pad, Mound, and East 

Trenches Areas were sampled during field activities from 1986 through 1990 (see Appendix B). The following 

discussion is based on all available data because many seeps or stream stations were dry during some 

samplings. These data have been summarized in Appendix C and compared to ARARs (see Section 3 for 

ARAR identification). Total radiochemical and metals data, although presented in the Appendix, are not 

discussed because an assessment methoddogy that accounts for varying concentrations of suspended solids 

is still being developed. Surface water monitoring locations are shown on Figure 2-12. 

Flowing surface water in drainages was sampled at stations on the South Interceptor Ditch and Woman 

Creek just upstream of Pond C-2 and at stations upstream of the 6-series ponds on South Walnut Creek. The 

6-series ponds were not sampled for this investigation, as they will be subsequently investigated as part of 

another operable unit. 

The surface water seeps are downslope and southeast of the 903 Pad Area, and downslope and north 

of the Mound Area and East Trenches Areas. Because surface water at seeps and in streams represents 

ground-water discharge (intermittent discharge with respect to streams), the surface water compositions are 

similar to those of local ground water. The data for both media show that PCE, TCE, CCI,, and their 

degradation products are the principal VOCs, and they show very similar major ion contents as well. However, 

there is enough variability within stations so that it is not possible to demonstrate surface/ground-water 

connections on a well-bywell, seep-by-seep basis. 

- .- 



2.3.5.1 Surface Water Stations Southeast of 903 Pad Area e 
There are several seeps downslope to the southeast of the 903 Pad. Surface water stations established 

at these seeps in the 903 Pad Lip Area are designated SW-50, SW-51, SW-52, SW-55, SW-57, SW-58, and 

SW-77. Station SW-50 is closest to the 903 Pad, and SW-57 and SW-52 are south of SW-50. SW-51 and 

SW-58 are located in a ditch along the road east of SW-50; however, overland flow of seepage from SW-50, 

SW-52, and SW-57 will also enter the ditch. Water in the ditch passes under the road south of these locations 

through a culvert. The discharge of the culvert is sampled at station SW-55. SW-77 is another seep located 

on the east side of the road, just north of SW-55. It is noted, therefore, that SW-51, SW-58, and SW-55 are 

physically connected and likely receive flow from SW-50, SW-52, and SW-57. Farther downgradient stations 

include seeps at SW-53, SW62, SW-63, and SW44; SW-27, SW-30, SW-54, and SW-70 on the South 

Interceptor Ditch; and SW-26, SW-28, and SW-29 on Woman Creek. 

Data for seeps in the vicinity of the 903 Pad Lip Site and farther downgradient at SW-53, SW-63, and 

SW44 indicate organic contamination. Contaminants in seeps in the vicinity of the 903 Lip Site include 1,l- 

DCE, l,P-DCE, CCI,, TCE, and PCE, with concentrations of CCI, and TCE exceeding lo00 pg/9. Occasionally 

1,P-DCE and TCE are present at SW-53, low concentrations of CCI, and TCE (<20 pg/t) occur at SW-63, and 

low concentrations of TCE occur at SW44. Methylene chloride also occasionally occurs in these seeps, but 

at concentrations near the detection limit, and frequently also occurs in the laboratory blanks. Low and very 

infrequent concentrations of these and other VOCs occur at seep SW62 as well as at stations along the South 

Interceptor Ditch. The waterqwlity data for stations along the South Interceptor Ditch and Woman Creek do 

not provide unambiguous evidence of contamination; however, the VOC concentrations in the upgradient seeps 

suggest that a solvent plume within alluviai ground water is migrating to the southeast, which is consistent with 

the alluvial ground-water flow direction. It is inferred that VOC contaminated alluvial ground water approaches 

the South Interceptor Ditch and Woman Creek. 

0 With respect to inorganic and dissolved radionuclide contamination, there are somewhat elevated 

concentrations of TDS, major ions, aluminum, strontium, zinc, and uranium at most of these stations. Unlike 



0 the absence of VOCs in surface water at stations along the South Interceptor Ditch (SW-70, SW-30, SW-54, 

and SW-27), all have somewhat elevated uranium concentrations (generally less than 10 pCi/P of total 

uranium). These concentrations are usually above ARAR (5 pCi/O). Although the 903 Pad Area cannot be 

ruled out as the source of the uranium, the Occurrence of elevated uranium as far upgradient as SW-70 

suggests the 881 Hillside Area as a potential source. Alluvial ground water at the 881 Hillside contains levels 

of uranium above background. 

Seeps in the vicinity of the 903 Pad Lip Site (SW-50, SW-53, and SW-54) had detectable plutonium 

and/or americium during one sampling event in 1989 (two events for SW-53). The samples contained 

substantial suspended solids and were not filtered at the time of collection, and surface soils in the vicinity of 

the seeps are contaminated with radionuclides. Furthermore, total radiochemistry data 'do indicate notably 

higher plutonium and americium concentrations than in filtered samples, demonstrating that most of the 

radionuclldes are In a particulate form. Therefore, the local soils represent the most direct potential source for 

seep contamination. However, there were traces of plutonium in a few ground-water samples (highest 

concentration at well 15-87, 0.522 f 0.1 17 pCi/O) so ground water is also a potential source of radionuclides 

in seeps, albeii a less significant one. 

a 

It Is noted that plutonium and americium are essentially insoluble in natural waters, but they can migrate 

in colloidal form, and colloidal-size particles can pass through 0.45 pm filters such as those used in the 

previous Investigation (Puis and Barcelona, 1989). The DOE is currently conducting a study to assess the 

distribution of plutonium and americium in surface water with respect to suspended solids particle size. The 

study will include filtration of surface water through three pore sizes, and laboratory analysis for plutonium and 

americium in the filtered and unfiltered fractions ( ~ 0 . 1 0  pm, 0.10 pm to ~ 0 . 2 0  pm, 0.20 pm to ~ 0 . 4 5  pm, and 

- > 0.45 pm). Although this study was not explicitly designed to differentiate colloidal and dissolved 

radionuclides, and therefore will be unable to quantrfy colloidal material under 0.1 pm, it will demonstrate 

whether a significant portion of the radionuclides are between 0.1 and 0.45 pm and thereby provide some 

indication of the Importance of cdloidal transport. Also, if most of the plutonium is particulate in nature 

(>O.l pm in size), it is likely plutonium can be removed from surface water by unit processes effective at 

removal of suspended solids, e.g., sedimentation and filtration. 

- .- 

a 
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Regardless of the transport mode, total plutonium concentrations occur above background at station 

SW-29 on Woman Creek (range: <Minimum Detectable Activity [MDA] - 315 * .115 pCi/O), and dissolved 

plutonium was detectable during one sampling event (159 * .142 pCi/O). Dissdved plutonium was also 

detectable at station SW-70 on the South Interceptor Ditch (.l 1 f .09 pCi/O); however, the total plutonium 

concentration was 0.01 1 f .057 pCi/I during this sampling event, rendering this data questionable. The one 

datum that exists in the remedial investigation data base indicates total plutonium is not above background 

in Pond C-2 (dissolved radionuclide data do not exist). 

2.3.5.2 Upper South Walnut Creek 

At the Mound Area, approximately 150 feet downgradient of the PSZ fence, station SW-60 (see Figure 

4-2) is located at the outlet of a corrugated metal culvert. The culvert discharges plant runoff that is collected 

in a drainage ditch located outside of and south of the PSZ. Stations SW-56 (not sampled in 1989) and 

SW-101 are located on a ditch within the PSZ that collects seepage originating from the hillside south of 

Building 991. Water in the ditch flows beneath the PSZ through a concrete culvert and discharges to the South 

Walnut Creek drainage just to the north of SW-60. The discharge from the concrete culvert has recently been 

assigned surface water monitoring station SW-133. Station SW-59 is located downstream of SW40 on the 

south bank of the drainage at what appears to be a spring or drain discharge. The combined flow of SW-59, 

S W m ,  and SW-133 is sampled at SWS l  , which is located at the confluence. (Note: Prior to November 1987, 

SW-61 was located at the outlet of the concrete culvert mentioned above. The sample data for 7/22/87 and 

11 /l 1 /87 were obtained from the effluent of the concrete culvert.) Flow from the upper reach of South Walnut 

Creek is discharged approximately 225 feet downstream of SW61 from the outlet of a corrugated metal culvert 

This discharge has never been assigned as a surface water monitoring station and has, therefore, never been 

sampled. It has recently been assigned station SW-132, however. The flow in South Walnut Creek upstream 

of Pond 8-4 is primarily the combined flow from SW-132 and the drainage flow at SW-61. Station SW-23 IS 

located upgradient of Pond B-1. SW-22 is located southeast of the principal drainage and was dry during the 

reported sampling events. It is noted that a sewage treatment plant is located just downgradient of SWS l  on 

the north bank of the drainage. The effluent from the plant is piped directly to Pond 83. 

- .- 



South Walnut Creek Basin surface water, as characterized by data for stations SW-56, SW-59, SW-60, 

SW41, and SW-101, contain CCI,, PCE, and TCE in concentrations in excess of 200 gg/I, with lesser and 

infrequent concentrations of 1,l -DCE, 1,l -DCA, 1 ,2-DCE, vinyl chloride (all are possible degradation products 

0 

of TCE and PCE), acetone, bromodichloromethane, and methylene chloride. The latter compounds may be 

contaminants, but the data do not allow this conclusion to be drawn with certainty. These stations also 

frequently have surface water concentrations above ARARs for TDS and uranium. The TDS and uranium 

concentrations are typical of the alluvial ground water in the vicinity of the 903 Pad and Mound Areas. CCI,, 

PCE, TCE, and elevated zinc are also present in the alluvial ground water at the Mound Area. 

The only datum available for Station SW-23 (August 1986 sampling) shows an absence of VOCs. 

Although there are no August 1986 data for the upstream stations, the data suggest the organics have 

volatilized over this reach. 

2.3.5.3 Seeps at the East Trenches Areas 

Of the two seeps at the East Trenches Areas (SW-65 and SW-103), SW-65 has no apparent organic 

contamination, and SW-103 has the constant presence of CCI, at concentrations less than 10 gg/ I. Dissolved 

uranium was also above ARAR at SW-65. Like the 903 Pad and Mound Areas, the chemistry of these seeps 

is similar to the localized ground water. 

- .- 
2.3.6 Air Co- 

The 903 Pad Area is recognized as the principal source of airborne plutonium contamination at the RFP. 

An extensive air monitoring network known as the Radioactive Ambient Air Monitoring Program (RAAMP) is 

maintained at the Plant in order to monitor particulate emissions from the 903 Pad Area and other Plant 

facilities. Historically, the particulate samplers located immediately east, southeast, and northeast of the 903 

Pad, Mound, and East Trenches Areas have shown the highest plutonium concentrations. This finding is 0 
corroborated by the results of soil surveys which indicate elevated plutonium concentrations to the east, 
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particularly southeast of the area. However, RMMP has found ambient air samples for plutonium to be well 

within the DOE guidelines of 20.0 x lod pCi/l established for the protection of human health (Rockwell 
0 

International, 1987b). 

2.3.7 Summarv of Contamination 

The Phase I RI investigations of environmental media lead t the general conclusions that volatile 

organic and radionuclide contamination exists in soils, surface water and ground water around several OU 2 

IHSSs, and that the distribution and magnitude of the contamination can be better delineated via sampling and 

analysis planned for the Phase II investigation. 

TCE, PCE and CCI, are the principal organic contaminants In surface and ground waters, with lesser 

amounts of their degradation products and other compounds at numerous sampling sites throughout OU 2. 

Plutonium and americium In surface water samples are other apparent indicators of RFPderived contamination. @ 

Several metals and other inorganic constituents (including uranium) are also above background in the 

environmental media, but the data do not permit unambiguous conclusions with regard to contamination. The 

uncertainty results in part from the absence of clear concentration gradients and from the limited knowledge 

of the inorganic composition of waste sources in OU 2. Natural processes (e.g., evaporative concentration) 

may govern the source and distribution of such inorganic constituents. This will be further investigated in the 

context of long-term remediation at OU 2. 
- .- 

2.4 ANALYTICAL DATA 

Organic, inorganic and radionuclide contaminants exist in OU 2 surface water. Vdume I I  (Appendix B) 

presents a compilation of volatile organic, inorganic and radiochemistry data for all surface water stations at 

OU 2 that are available at this time. Only a small fraction of the data have been validated; they are identified 

in the appendices by a qualifier adjacent to each datum. The qualifiers Y" (valid), 'A' (acceptable with 

I) 



qualifications), and 'R' (rejected) are assigned in accordance with the ER Program Quality Assurance/QualIty 

Control (QA/QC) Plan (Rockwell International, 1989b). Rejected data either did not conform to the QA/QC 

procedures, or insufficient documentation exits to demonstrate conformance with these procedures. These 

data, at best, can only be considered qualitative measures of the analyte concentrations. The schedule for the 

IM/IRA does not permit waiting for all data to be validated. However, the validated data and their similarity 

to unvalidated data are considered sufficient to justify and to define the general configuration of the IM/IRA. 

2.5 SITE co NOITIONS THAT JUS nw AN IMIIRA 

As discussed in Section 1, there is no immediate threat to the public health and environment posed by 

surface water contamination in South Walnut Creek Basin. The affected surface water is contained within the 

plant boundary by existing detention ponds, and is treated and monitored prior to discharge. There is, 

however, potential for an imminent threat to develop and implementation of this IM/IRA will reduce the 

likelihood that such a threat will result by enhancing DOE'S efforts to manage contaminated surface water. 

Although downstream safeguards are provided by the B-Ponds, this IM/IRA should reduce the potential for off- 

site migration and uncontrolled releases of contaminated surface water by reducing contaminated surface water 

loading to the Ponds. In addition, by collecting contaminated surface water through diversions at the sources, 

this IM/IRA will mitigate downstream migration of contaminants and could reduce the size and cost of future 

RFP remedial actions. Such an action is consistent with the goals for a final remedy at the site. 

@ 

- -- 
This IM/IRA focuses only on controlling the migration of hazardous substances in South Walnut Creek 

Basin surface water and does not address soil or ground-water contamination. An OU 2 Phase II RI Plan has 

been prepared to further characterize the extent of contarnination in preparation for further remedial actions 

at OU 2. 

t 
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SECTION 3 

IDENTIFICATION OF INTERIM REMEDIAL ACTION OBJECTWES 

3.1 SCO PE OF INTER1 M MEASURES/INTERIM REMEDIAL AC TI ON 

The overall objective of the South Walnut Creek Basin IM/IRA at OU 2 is the mitigation of downgradient 

contaminant migration within surface water by means of the collection and treatment of contaminated surface 

water to achieve, to the extent practicable, ARARs (see Section 3.3). ARARs are used in defining the 

remediation goals for the interim action. Based on the meetings between DOE, CDH, and EPA during February 

and March 1990, and comments received during the public comment period, DOE is proposing this IM/IRA 

Plan which specifies point source locations for the collection of contaminated surface water, and provides for 

the collection and treatment of flows exclusive of those resulting from high precipitation events. 

@ 3.2 INTERIM REMEDIAL ACTION SCHE D U E  

Revisions to this plan based on public comment, preparation of a Responsiveness Summary pursuant 

to the public meeting, treatability studies, and design and implementation of this IM/IRA will occur through 

Spring 1991. Milestone dates for specific activities are presented in Table D-1 , Appendix D. Table D-1 shows 

the milestone schedule as proposed in the draft FFACO/IAG (DOE, 1990a). 

3.3 COMPLIANCE WITH APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS (ARARs) 
AND PROTEC TION 0 F HUMAN HEALTH AND THE ENVIRONMENT 

The NCP [FR Vd 55, No. 46, 8848; 40 CFR 300.430 (e)] requires that, in development of alternatives 

for final remediation, the following be considered: 

1. ARARs; 

2. for systemic contaminants, concentration levels that will not cause adverse effects to the human 
population and sensitive subgroups over a lifetime of exposure; 
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3. for carcinogens, concentration levels that represent an excess lifetime individual cancer risk less 
than 1 O4 considering multiple contaminants and multiple pathways of exposure; 

4. factors related to detection limits; 

5. for current or potential sources of drinking water, attainment of Maximum Contaminant Level 
Goals (MCLGs) or Maximum Contaminant Levels (MCLs), if MCLGs are zero; and, 

6. attainment of Clean Water Act (CWA) water quality criteria where relevant and appropriate. 

The IAG, in paragraph 150, states "Interim Remedial Actions/lnterim Measures shall, to the greatest extent 

practicable, attain ARARs.' Also for interim actions, the NCP [40 CFR 300.430(9] specifically notes that an 

ARAR can be waived if the action is to become part of the final remedy that will attain ARARs. The results of 

the treatability studies identified in Section 6.4 will allow evaluation of the extent to which the IM/IRA will attain 

ARARs, Le., it may not be practicable to attain all ARARs for this interim action and ARAR waivers or alternate 

concentration limits may be requested after the study is completed. 

This section MentMes and analyzes ARARs relevant to the South Walnut Creek Basin IM/IRA and 

discusses how the action will be protective of human health and the environment. This remedial action is 

considered an on-site iM/lRA to be administered under CERCLA; therefore, only substantive and not 

administrative requirements of regulations (such as RCRA) apply. Permits, for example, are not required (per 

paragraph 121 of the IAG). 

'Applicable requirements,' as defined in 40 CFR 300.5, means ?hose cleanup standards, standards of 

control, and other substantive requirements, criteria, or limitations promulgated under federal environmental 

or state environmental or facility siting laws that specifically address a hazardous substance, pollutant, 

contaminant, remedial action, location, or other circumstance found at a CERCLA site. Only those state 

standards that are identified by a state in a timely manner and that are more stringent than federal requirements 

may be applicable.' 'Relevant and appropriate requirements," also defined in 40 CFR 300.5, means Whose 

cleanup standards, standards of control, and other substantive requirements, criteria, or limitations promulgated 

under federal environmental or state environmental or facility siting laws, that, while not "applicable" to a 

hazardous substance, pollutant, contaminant, remedial action, :oation, or other circumstance at a CERCLA 

- .- 

a 
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site, address problems or situations sufficiently similar to those encountered at the CERCIA site that their use 

is well suited to the particular site. Only those state standards that are identified in a t i d y  manner and are 

more stringent than federal requirements may be relevant and appropriate.' In addition to appllcable or 

relevant and appropriate requirements, advisories, criteria, or guidance may be identified to be considered 

(TBC) for a particular release. As defined in 40 CFR 300.400(g)(3), the "to be considered' (IBC) category 

consists of advisories, criteria, or guidance developed by EPA, other federal agencies, 01 states that may be 

useful in developing remedies. Use of TBCs' is discretionary rather than mandatory a8 Is the case with 

applicable or relevant and appropriate requirements. 

@ 

In general, there are three categories of A M s .  These categories are: 

0 Ambient or chemical-specific requirements 

0 Location-specific requirements 

0 Performance, design, or other action-specific requirements 

Each category is discussed in more detail below. 

3.3.1 Ambient or Chemical-Specific Reau irements 

Ambient or chemical-specific requirements set health- or risk-based concentration limits in various 

environmental media for specific hazardous substances or pollutants. These requirements set protective dean- 

up levels for the chemicals of concern in the designated media, or indicate a safe level of air emission or 

wastewater discharge. The chemical-specific ARARs identified herein are used in defining the remediation 

goals for dean up of contaminated surface water and discharge of treated water. 

ARARs are derived primarily from federal and state health and environmental statutes and regulations. 

The following may be considered when establishing clean-up standards, but are not considered ARARs: Health 

Effects Assessments, Health Advisories, Chemical Advisories, and Guidance Document criteria. These and any 
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proposed standards are classified as items to be considered, or TBCs. Where background concentrations for 

constituents are above the ARAR for that constituent, a waiver from the ARAR may be appropriate. A summary 

of ARARs for the contaminants found in South Walnut Creek Baqin surface water at OU 2 are presented in 

Appendix E, Tables E-1.1 through E-1.4. Tables E-1.1, E-1.2, E-1.3, and E-1.4 present ARARs for volatile 

organics, metals, conventional pollutants, and radionuclides, respectively and will be applied to operations 

involving water treatment effluent. 

As discussed in 55 FR8741, when more than one ARAR has been identified for a contaminant, the most 

stringent standard has been identified as the ARAR which the IM/IRA will attain to the greatest extent 

practicable. Where no ARAR standard exists, a TBC standard has been identified which the IM/IRA will treat 

as a goal to achieve. An ARAR analysis for volatile organics, metals, conventional pollutants, and 

radionuclides, respectively, is presented in Tables E-2.1, E-2.2, E-2.3, and E-2.4. The screening process 

includes consideration of both ground-water and surface water standards because of the probable interaction 

of alluvial ground water and surface water in the drainages of the RFP. Of the elements/compounds detected 

in South Walnut Creek Basin surface water at OU 2, there are no ARARs for calcium, magnesium, potassium, 

sodium, bicarbonate, and strontium. However, the TDS ARAR establishes the acceptable aggregate 

concentration for the above major ions (excluding strontium). Although no ARAR or TBC exists for strontium, 

an objective of this IM/IRA will be to reduce strontium to background levels. 

0 

3.3.1.1 Safe Drlnking Water Act Maximum Contaminant Levels (MCLs) and MCL Goals 
- .- 

Because South Walnut Creek Basin surface water at OU 2 is a source of drinking water, MCLs are 

relevant and appropriate for all phases of the IM/IRA. MCLs are derived from the Safe Drinking Water Act 

(SDWA) (PL 93-523). They represent the maximum permissible level of a contaminant in water which IS 

delivered to the free-flowing outlet of the ultimate user of a public water system [40 CFR 141.2(C)]. Per the 

new NCP, MCLGs have also been considered in developing clean-up standards. e 
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3.3.1.2 Ambient Water Quality Criteria 

The Ambient Water Quality Criteria (AWQC) are non-enforceable guidance developed under the CWA. 

Guidance is set for surface waters for the protection of aquatic lie and for the protection of human health, 

based on consumption of both drinking water and aquatic organisms from that water. The proposed IM/IRA 

invdves treatment and discharge to surface water that has a use-protected designation, aquatic life Class II 

warm water classification. Although not ARAR, per the new NCP, the AWQC are considered as relevant and 

appropriate preliminary remediation goals. Final remediation goals will be set according to ARARs and for total 

risk due to carcinogens that represent an excess upperbound lifetime cancer risk to an individual to between 

lo4 to lod lifetime excess cancer risk when the final remedy is selected for ail of OU 2. 

3.3.1.3 Colorado Surface and Ground-Water Quality Standards 

The Colorado Water Quality Control Commission (WQCC) has proposed ground-water quality standards 

for many compounds for protection of both human health and agricultural uses. These proposed standards 

are considered TBC since they are not enforceable standards until RFP’s ground water is classified by the 

WQCC. Where standards exist for both human health and agricultural uses, the more stringent standard is 

selected as TBC. 

Permanent surface water quality standards have been adopted by WQCC for Walnut Creek. These 

include standards for many organic, inorganic and radionuclide parameters. These standards went into effect 

March 30, 1990, and are considered applicable to this interim remedial action. 

- .- 

For both ground water and surface water standards, some of the standards are lower than the current 

standard detection limits for the constituents. When this 6ccurs, the WQCC Practical Quantitation Limit (PQL) 

will be considered as the ARAR. 
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3.3.1.4 RCRA Ground-Water Protection Standards 

Owners or operators of facilities that treat, store, or dispose of hazardous waste must ensure that 

hazardous constituents listed in 6 CCR (Colorado Code of Regulations) 1007-3 and 40 CFR 261, Appendix VIII, 

entering the ground water from a regulated unit do not exceed concentration limits under 6 CCR 1007-3 and 

40 CFR 264.94. The concentration limits include standards for 14 compounds, with background’ or alternate 

concentration limits (ACLs), used as the standard for the other RCRA Appendix Vlll constituents. These 

concentration limits apply to RCRA-regulated units subject to permitting (landfills, surface impoundments, waste 

piles, and land treatment units) that received RCRA hazardous waste after July 26, 1982. Although this area 

does not contain RCRA-regulated hazardous waste management units, it does contain IHSSs. As a result, 

these RCRA (Subpart F) regulatlons are considered relevant and appropriate for ground water remediation. 

These requirements are not applicable or relevant and appropriate with respect to the proposed interim 

remedial action in that they do not specifically address the collection, treatment, and discharge of surface 

waters nor are these activities suffkiintly similar to the circumstances regulated by the RCRA Subpart F 

requirements to be relevant and appropriate. RCRA ground-water protection requirements relate specifically 

to protection against degradation of the uppermost aquifer by a regulated unit, or a sdid waste management 

unit (SWMU) in the case of Corrective Action activities, which clearly do not relate to the collection, treatment, 

and discharge of surface waters, whether or not such waters have been affected by the introduction of ground 

water through seeps. The RCRA ground-water requirements do provide an effe-ctive mechanism for the 

protection of the uppermost aquifer and, consequently, potential drinking water sources. Accordingly, since 

effluent discharges could potentially affect downstream drinking water sources, the Subpart F requirements 

have been included as TBC for surface water. Background concentrations for 40 CFR 264, Appendix IX 

constituents not listed in Appendb Vlll are also TBC for surface water. 

@ 

- -- 

TBC background surfam water valurs for RCRA Subpart F are applied using maximum concontrations from background Surface a l  water at RFP. 

MUCh 1941 
Page 3.6 



3.3.1.5 Protection of Human Health and the Environment 

As illustrated by the hazard quotients and carcinogenic risks listed in Tables E-1.1 through E-1.4, 

achieving the ARARs should result in a clean-up action that is protective of human health and the environment. 

For non-carcinogens, the protectiveness goal is a hazard index of 1 .  The hazard index is the sum of the 

hazard quotients [i.e., the estimated daily intake (dose) to reference dose ratios] for all of the contaminants 

combined, which have been computed and are presented in Table E-1. In assessing non-carcinogenic risk, 

a hazard index of one or less is considered to be acceptable. If the hazard index exceeds one, it indicates 

that there might be the potential for adverse non-carcinogenic health effects occuning. Unlike the method 

used to evaluate the potential for carcinogenic toxicity, the hazard index does not indicate the probability of 

adverse health effects occurring, but it is used as a benchmark for determining where there is a potential 

concern. With respect to carcinogens, cumulative cancer risk should be less than lo4 (individual cancer risks 

shown in Table E-1 are considered additive). As noted in Table E-1, the calculated incremental cancer risks 

exceed 10'' for some of the organic carcinogens as well as for arsenic and beryllium. However, the cancer 

risks are computed on the basis of the detection limit and therefore can only be considered a possible 
e 

maximum carcinogenic risk; the actual risk is unknown but likely to be considerably lower. Removing these 

contaminants to nondetectable levels and attaining, to the extent practicable, the other ARARs, the iM/IRA 

is considered protecthe of human health and the environment. 

3.3.2 Locat ion-Smific Reau irementg 
- .- 

Locationapecific MARS  are limits placed on the concentration of hazardous substances or the conduct 

of activiiies solely because they occur in certain locations. These may restrict or preclude certain remedial 

actions or may apply only to certain portions of a site. Examples of location-specific ARARs which pertain to 

the IM/IRA are federal and state siting laws for hazardous waste facilities (40 CFR 264.18, fault zone and 

floodplain restrictlons), and federal regulations requiring that actions minimize or avoid adverse effects to 

wetlands (40 CFR Part 6 Appendix A and 40 CFR Parts 230-231). a 
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More specifically, in addition to the requirements described above, peninent location-specific ARARs 

include: Colorado requirements for siting of hazardous waste facilities and wastewater treatment facilities 

(Colorado Revised Statute 25-15-101, 203, 208, 302 and 258-292, 702, respectively), National Historic 

Preservation Act requirements for preservation of significant articles and historic properties (36 CFR Parts 65 

and 800, respectively), federal critical habitat protection requirements (50 CFR Parts 200,402 and 33 CFR Parts 

320-330), and federal requirements for the protection of fish and wildlife resources (40 CFR 6.302). 

A summary of location-specific ARARs which the IM/IRA will attain to the greatest extent practicable 

is presented in Table E4. 

3.3.3 Performance. Des iga or Other Action-SDecific RuirementS 

Performance, design, or other action-specific requirements set controls or restrictions on particular 

kinds of activities related to management of hazardous substances or pollutants. These requirements are not 

triggered by the specific chemicals present at a site, but rather by the particular IM/IRA alternatives that are 

evaluated as part of this plan. Action-specific ARARs are techndogy-based performance standards, such as 

the Best Available Technology (BAT) standard of the Federal Water Pollution Contrd Act. Other examples 

include RCRA treatment, storage, and disposal standards, and Clean Water Act pretreatment standards for 

discharges to publicly-owned treatment works (POlWs). RCRA LDRs for certain contaminants [40 CFR Part 

268.40) are also action-specific ARARs for the disposal of secondary wastes generated during water treatment. 

Action-specific ARARs, which the IM/IRA will attain to the greatest extent practicable, are included in 

Table E3.1. Table €4.2 presents RCRA land disposal restrictions (LDR) which are ARAR and applicable to 

non-effluent wastes (e.g., treatment sludges, excavated soils, used treatment materials) if they may be 

determined to contain hazardous wastes. LDR requirements are relevant and appropriate for wastes which 

are not hazardous wastes, as defined in 40 CFR, Part 261, but do contain hazardous substances. 

- -  

As explained in the National Contingency Plan (see 55 8666) OSHA requirements for worker 

protection in hazardous waste operations and emergency response (29 CFR 1910.120) are applicable to 
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workers invoked in hazardous substance-related activities, as well as other OSHA requirements related to 

specific circumstances or activities. These requirements are not environmental in nature, however, and are not 

to be induded as ARARs. Those requirements which are appii.cable are just that, applicable, while non- 

applicable requirements could, at most, be relevant and could be included as guidance to be considered 

mc). 
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SECTION 4 

IDENllFlCATlON AND ANALYSIS OF IM/IRA ALTERNATIVES 

4.1 A T M N  A V 

This section presents the technique for cdlection of contaminated surface water and a detailed 

evaluation of alternative treatment technologies. Treatment technologies corresponding to the following 

categories are evaluated in this section: 

0 Treatment for Suspended Wldr Removal; 

Treatment for Radionuclide Removal; and 

Treatment for Volatile Organic Constituent Removal. 

0 

0 

The treatment technologies selected for consideration are based on their probability of attaining the 

effluent requirements (ARARs presented In Section 4.1.2). The process for critical evaluation of the treatment 

technologies is presented in Section 4.2. The evaluation criteria indude effectiveness, implementability and 

cost of the technology. Section 4.3 examines in detail the technique of surface water collection by diversion 

at the sources. The treatment techndogies are presented and evaluated in Section 4.4. The treatment system 

designs presented in Section 4.4 are conceptual, with only enough detail to determine relative costs. Detailed 

design and costing for the IM/IRA will be conducted after the results of the bench and field-scale treatability 

studies are obtahd. The compambe cost evaluations employ a standard 30-year basis for present worth 

analysis. Hawcrver, the actual 88N(cB life of the South Walnut Creek Basin Surface Water IM/IRA is not known 

at this time. The IM/IRA could, for example, become a part of the long-term OU 2 remedial action. Lastly, 

all solid waste generated during the IM/IRA, with the exception of activated carbon (e.g., filter cake, excavated 

soils from installation of the surface water diversion and cdlection structures, and sediments accumulating in 

the collection system during operation) will be characterized and handled according to the RFP waste 

management operating procedures. For costing purposes, however, it is assumed that these wastes will be 

handled and disposed as low-levd mixed waste. 
e 
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4.1.1 Surface Water Collection Techndoaies 

Figure 4-1 illustrates the locations of the South Walnut Creek Basin surface water seeps and in-stream 

monitoring stations. As mentioned in Section 1.0, general agreement between EPA, CDH and DOE was 

reached on the specific locations for collection of contaminated surface water. These locations are designated 

in Figure 4-1 as the 'IM/IRA Surface Water Monitoring S t a t W  and indude SW-56, SW-59, SW-60, SW61, 

SW-101, and SW-132. It was agreed that flows at these stations would be collected either at the stations or 

immediately downstreem at a point of coniiuence. Figure 4-2 offers a detailed plan view of the locations of 

SW-59, SW-60, SW-61, SW-132, and SW-133 in the South Walnut Creek drainage. Contaminated water in the 

drainage ultimately enters Pond 8-5 vla Pond 84. 

At the meetings in February and March 1990 between DOE and the regulatory agencies, seep SW-103 

was also targeted for collection. It is located within the South Walnut Creek Drainage upstream o f  Pond 8-5 

(Figure 4-1). The seep contains trace concentrations d CCI, (e10 ug/l) and concentrations of total plutonium, 

americium, uranium, and several metals above ARARa However, at the time, the physiographic features of 
@ 

the seep were not discussed. Of particular note is the large area of seepage (approximately 30,OOO sq. ft.) and 

the location o f  the seep on a steep hilldde. These features necessitate an elaborate drainage system for 

seepage collection that would require disturbance d large areas of potentially contaminated saturated soils 

which would likely result in release d significant quantities of contaminants downstream. Construction at 

SW-103 would also have a negative impact on the large area of wetland present at this seep. For these 

reasons, and because the CCI, and dissolved inorganic constituent concentrations in the seepage are low, and 

the contribution d radionuclide and metals contamination from SW-103 to the South Walnut Creek drainage 

above the detention ponds is likely to be insignificant relative to that resulting from contaminated surface water 

runoff, collection of water at this seep is no longer recommended for this IM/IRA. Since the environmental 

impacts o f  construction d a surface water collection system at SW-103 appears to outweigh the benefiis of 

collecting and treating this seepage, consideration of collection at SW-103 is deferred until additional 

hydrogeological and contaminant characterization information is gathered and assessed during conduct of the 

Phase Ii RFI/RIFS Allwial Work Plan for OU 2. 

- .- 

@ 



Several attematives exist for collecting the contaminated South Walnut Creek Basin surface waters 

mentioned above. First and foremost Is collection of surface water by diversion at the source. This technique 

employs existing or newly constructed diversion structures at the seep or in-stream stations to divert the 

surface water into collection sumps. This method of surface water collection was agreed to by EPA, CDH, and 

DOE in the February and March 1990 meetings. This technique will be further discussed and evaluated In 

Section 4.3. For comparative purposes, two other surface water collection methods are discussed below. 

A second method of surface water collection is by ground-water withdrawal using an upgradient well 

amy or french drain. This technique lowers the ground-water table and eliminates seepage, allowing 

separation of contaminated ground water (seepage) from surface water runoff, e.g., at SW-59. However, the 

hydrogeology at OU 2 is not adequately understood to design an effectivg ground-water withdrawal system. 

For example, it is not known whether the seepage is due to water originating in the Rocky flats Alluvium and 

being released to the surface through colluvium because of slope changes and/or bedrock highs, or whether 

the source of the water is bedrock sandstone subcropping in this vicinity. This information is critical to the 

design of an effective ground water withdrawal system. EPA alluded to the issue in their transmittal letter 
@ 

(January 9, 1990) which accompanied their comments on the draft OU 2 groundwater IM/iRA Plan, wherein 

they stated '. . . this OU is difficult to address on an interim basis due to the lack of comprehensive quality data 

characterizing the nature and extent d contamination. It is uncertain whether the most probable imminent 

threat, the alluvial ground-water system, can be effectively addressed at this time." For this reason, collection 

of surface water by ground-water withdrawal is eliminated as a reasonable alternative for this IM/IRA and will 

not be considered for f&ther detailed evaluation. 

A third collection alternative is to allow,the contaminated surface water to continue to flow through the 

South Walnut Creek drainage into detention Pond 8-5. The contaminated South Walnut Creek Basin surface 

water, along with all other waters collected and detained in Pond 8-5 would be transferred from the Pond for 

treatment. This method has three primary drawbacks. First, there is a potential threat of transferring the 

surface water contaminants to ground waters within the South Walnut Creek drainage basin via infiltration. 

Secondly, release of VOCs to the atmosphere will occur while the surface water is in transit to detention Pond 
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B-5. Finally, allowing the South Walnut Creek Basin surface waters to mix with other waters retained in Pond 

8-5 generally increases the volume of dilute contaminated water at the RFP facility that may require treatment. 

For these r e a m ,  collection of South Walnut Creek Basin surface waters at detention Pond B-5 is eliminated 

as a reasonable alternative for the IM/IFM and will not be considered for further detailed evaluation. 

4.1.2 Surface Water Treatment Tech nolo- 

Based on the objectives of the Surface Water IM/IRA discussed in Section 3.1, Table 4-1 has been 

prepared to establish the basis for conceptual design for surface water treatment. The influent constituent 

concentrations listed in Table 4-1 are estimated from a flow-weighted maximum Concentration model based 

on the maximum constituent concentrations observed at the SW-59 and SW6l collection points. The flow 

values used to weight the maximum concentrations used in the model are the corresponding collection system 

design flows (established in Section 4.3 and listed in Table 4-5). A spreadsheet illustrating computation of the 

flow-weighted maximum concentration computation is shown in Table F-1 , Appendix F. To be conservative, 

the maximum constituent concentrations used in the model for SW61 also indudes maximum observed 

concentrations for the group of stations upgradient of SW61 (Le., SW-56, SWa,  and SW-101). Unfortunately, 

station SW-132 was only recently assigned to the OU 2 surface water sampling program and concentration 

data for this discharge are not available for use in the treatment system design model. As discussed in 

0 

Section 1, however, the water quality characteristics of this stream are expected to be similar to that at SW41. 

This assumption has been used to provMe a reasonable conceptual treatment system design basis in the 

absence of SW-132-daG. The deslgn basis will be updated as SW-132 concentration and flow data become 

available to vefify the influent concentrations computed herein. 

Table F-1 shows that strict application of the flow weighted concentration model predicts vinyl chloride, 

methylene chloride and acetone influent concentrations above their respective ARAR values. However, 

examination of the surface water data presented in Appendix B reveals that these constituents are not likdy 
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TABLE 4-1 

BASIS FOR DESIGN OF SURFACE WATER TREATMENT PLANT 

Influent 
Concentration* 

Effluent 
Reauirementsb 

1,l-Dichioroethene 
1,l-Dichloroethane 

Chloroform 
Carbon TetracMoride 
Trichloroethene 
Tetrachloroethene 

1 ,2-Dichloroethene (total) 

1 42 
6 

10 
82 

219 
153 
279 

7 
1 u* 
1 u* 
1u 
5u 
5u* 
1U 

0.0053 
0.5790 
0.8396 
0.9036 

0.1 
0.050 
0.396** 
0.1 00 

Beryllium 
Manganese 
Strontium 
Tin 

Total Met& 

Aluminum (All 25.121 4 
0.0655 
1 .a530 
0.0519 
0.01 32 
0.1918 
0.1 232 
0.2664 

183.9643 
0.1954 
0.41 00 
3.3068 
0.0022 
0.1574 
0.2239 
0.0070 
0.8600 
0.501 9 
1.3475 

0.2u 
0.060 
1 .OOo 
0.1 
0.01 
0.05 
0.050 
0.2 
1 .OOo 
0.05 
2.500 
1 .OOo 
0.002 
0. I00 
0.2 
0.01 
0.382** 
0.1 
2.0 

Antimon (sb) 
Barium 
Be lium ( e) 

Chromium (Cr) 

Iron (Fe) 
Lead (Pb) 
Lithium (U) 
Manganese (Mn) 
Mercury (Hg) 
Molybdenum (Mo) 

Strontium Selenium (Sr 
Vanadium (V) 
Zinc (zn) 

Ca r mium (Cd) 

coban (co) 
Copper (CUI 

Nickel (Ni) - .L 

No ARAR standard exists for this constituent; effluent requirement is TBC concentration, considered 
as an IM/iRA treatment goal. 

No ARAR or TBC standard exists for this constituent; effluent requirement is background concentration, 
considered as an iM/iRA treatment goal. 

** * 
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TABLE el (cont.) 

BASIS FOR DESIGN OF SURFACE WATER TREATMENT PLANT 

influent 
Unlts Concentration' 

Gross Alpha 
Gross Beta 
Total Uranium 

20.1 1 
39.90 
9.96 

Gross Alpha 
Gross Beta 
Plutonium 239,240 

' Americium 241 
Total Uranium 

730 
545 

3.28 
0.53 

11.69 

Effluent 
Reauirementsb 

11 
19 
10 

11 
19 

10 

0.05 
0.05 

ab The influent concentrations are based on flow-weighted maximum concentrations of station SW-59 and 
the following group of stations: SW-56, SW-60, SW-61, and SW-101. The computation is illustrated by 
the spreadsheet shown in Table F-1, Appendix F. The maximum observed concentrations for each 
station or group of stations is multiplied by the corresponding collection station design flow. The 
multiplication products for each collection station are summed and divided by the sum of the CS-59 and 
CSB1 design flows (42 gpm). Concentration data used in the flow-weighted maximum concentration 
computation is obtained from the 1987,1988,1989, and 1990 field investigations. 

Based on Applicable or Relevant and Appropriate Requirements (ARARs). The 'u' designation following 
many of the effluent concentrations indicates that the concentration is the detection limit for that 
constituent. 



to be present in the influent at levels above ARAR. Vinyl chloride, methylene chloride and acetone were 

detected at levels above ARAR only at stations SW-56, S W a  and SW-101. However, as proposed in 

Section 4-3, contaminated surface water from these stations will be collected at the downstream station S W d i  

e 
where vinyl chloride, methylene chloride and acetone have always been estimated below detection limits 

and/or were also present In the associated laboratory blanks. These compounds are, therefore, not included 

in the basis for design of the surface water treatment plant. The effluent concentntions listed in Table 4-1 

correspond to the ARAR for each constituent. 

Treatment technologies for radionuclides and metals removal that are considered in this IM/IRA Plan 

indude chemical precipitation, cro88-11ow membrane filtration, and ion exchange. Liquid-phase Granular 

A c t h t e d  Carbon (GAC) adsorption, air stripping with liquid and vapor phase GAC adsorption, and ultraviolet 

(UV)/peroxide oxidation are considered for VOC removal. Many treatment units suitable for removal of VOCs 

and radionuclides from water require that suspended solids be removed from the influent to prevent 

petfonnance degradation and/or fouling. Removal of suspended solids down to the 1 pm partide size range 

ensures optimum treatment system performance. The two candidate influent pretreatment alternatives for 

removal of suspended solids considered for this IM/IRA are cross-flow membrane filtration and polymer 

addltlon with granular media fitration in a continuous backwash filter. Pretreatment Is also a vehide for 

removal of partkulate radionuclides and metals and, with chemical addition, should facilitate precipitation and 

adsorption of soluble radionuclides and metals. 

I) 

4.2 IM/I-ATlO N PROCESS 

The following discwrsion of the IM/IRA alternative evaluation process is based on EPA guidance set 

forth in the March 1990 NCP. 



@ 4.2.1 Effectivenesg 

The criteria for effectiveness evaluation of remedial alternatives includes protection and the use of 

alternatives to land disposal. Protection includes protection of the community and workers during the remedial 

action; threat reduction; length of time until protection is achieved; complhnce with criteria, advisories and 

guidance; risk of potential exposure to residuals remaining on site; and continued reliability over the life of the 

IM/IRA. The effectiveness criteria also includes use of alternatives to land disposal, thus promoting treatment 

or recycling. In addition, the alternatives will be evaluated with respect to reduction of toxicity, mobility, and 

volume of wastes per the March 1990 NCP. 

4.2.2 lmdementab il ity 

The criteria for implementability evaluation uf remedlal alternatives includes technical feasibility, 

availability, and administrative feasibility. Technical feasibility includes the ability to: construct the techndogy; 

maintain its operation; meet process efficiencies or performance goals; demonstrated performance; evaluate 

impact of environmental conditions; and comply with the SARA requirement that removal actions should 

contribute to the efficient performance of long-term remedial action to the extent practicable. Availability 

indudes the availability d necessary equipment, materials and personnel; avadabiiity d adequate off-site 

treatment, storage, and disposal capacity, if appropriate; and description d post-remedial site controls which 

will be required at the completion d the action. Administrative feasibUity indudes the likelihood of pubiic 

acceptance of the alternative. including site and local concern; coordination of actMties with other agencies; 

and ability to obcabr any newsary approvals or permits. 

e 

- .- 

4.2.3 

The criteria for evaluation of remedial alternative cost indudes total cost and statutofy limits. Total cost 

includes direct capital costs, indirect capital costs, and operating and maintenance costs. Since the surface 0 
water lM/IRA at OU 2 is not an €PA-financed remedial action, the $2 million statutory cost limit does not apply. 
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4.3 EVALUATION 0 F THE IMARA SURFACE WATER COLLECTION SYSTEM a 
As dlscllaaarl earlier, South Walnut Creek Basin contaminated surface waters will be cdlected by 

diversion at the sources. This section further describes this technique as it applies to the surface water seep 

and in-stream monitoring stations considered in this IM/IRA This presentation indudes a discussion of the 

anticipated seep and in-stream monitoring station flows, and an evaluation of the collection technique per the 

evaluation process outlined in Section 4.2. 

4.3.1 Surface Water Col lectlon bv Diversion at the Sou rceg 

4.3.1.1 Description 

Figure 44 shows the iocatk. .s of the surface water diversion and collection systems sed for the 

IM/IRA. The collection systems (CSs) are denoted CS-59, CSSl, and CS-132. The proposed location of the 

surface water treatment plant is also indicated on Figure 44. The CSs provide for automatic pipeline transfer 

o f  the collected surface water to the treatment system. 

Design flow rates for surface water cdlection systems CS-59, CSSl, and CS-132 are based on flows 

from stations SW-59, SW61, and SW-132, respectively. The design flow rates are maximum flows observed 

in the 1988, 1989, and 1990 fieki investigations, exduding flows related to high precipitation events. Only 

design flows will be collected from the South Walnut Creek Basin surface water monitoring stations. Historical 

flow data for SWds are listed in Table 4-2. Table 4-2 lists only two flow rates of sufficient quantity to be 

measurable for W-59 (each 4.5 gallons per minute [gpm]). Rocky Flats personnel have observed flows at 

- .- 

SW-59 monthly since Spring 1990. They report that a flow of approximately 0.5 gpm was occurring at each 

observation. It is expected that all flows at SW-59 will be diverted for treatment. 

a Historical flow data for SW61 are listed in Table 4-3. Table 4-3 indicates two high flow events for SW- 

61 of  166 gpm. All other historical flow data for SW61 are below 36 gpm. To complement the historical data 

k(uc0 1991 
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TABLE 4-2 

SURFACE WATER FLOW DA 

4.5 
4.5 
0 
0 
0 
0 
0 
0 
0 
0 

Flow data are obtained from the 1988 and 1989 field 1 

* 

A flow rate d zero indicates either no seepage or 
observed flows at SW-59 monthly since the spring of 
0.5 gpm was occurring at each obsewation. 

2 m 



TABLE 4-3 

SURFACE WATER FLOW DATA FOR SW-81' 

Flow fG PM12 

35.9 

9.0 
9.0 
9.0 
4.5 

18.0 
4.5 
4.5 
0 

18.0 
166 

166 

Date of Flow 
Measure ment 

07/01 /88 

05/15/89 

07/06/89 
08/03/89 
09/11 /89 

03/20/89 

06/09/89 

10/03/89 
1 1 /06/89 
12/06/89 
02/09/90 
03/12/90 

Flow data are obtained from the 1988, 1989 and 1990 field investigations. 1 

A flow rate of zero indicates either no seepage 01 an imperceptible flow. 

h w .  !Wl 
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and to obtain wet season flow data not corresponding to a major precipitation event, a flow measurement at 

SWSl was obtained In April 1990. A cutthroat flume manufactured by Bask1 Water Instruments, Inc. was used 

to measure the flow at SW-61. A flow of 37.5 gpm at SW61 was recorded. 

Historical flow data are not available at SW-132 as this is a newly designated monitoring station. 

However, it was observed during October 1990 and December 1990 field sutveys that the flow at SW-132 was 

approximately equal to the flow at SW-. The design flow rate for CS-132 will thw be based on historical flow 

data for SW-. Table 4 4  indkates a maximum obsetved flow of 18 gpm for SW-. 

Based on the historical data available and the April 1990 field measurement, design flow rates and 

average annual withdrawal rates for each of the cdlection systems were established. The design and 

withdrawal flow rates are presented in Table 4-5. A design flow of 37.5 gpm is assigned to SW61. This flow 

represents an aboveaverage precipitatkm wet season flow not corresponding to a major storm event. The 

historical maximum flow for SW-59,4.5 gpm, is used as the design basis fur the collection system at this seep. 

A design flow of 18 gpm is assigned to CS-132 based on the historical maximum flow observed at SW-60. 

Average annual withdrawal rates shown in Table 4-5 are estimated as follows: For SWSl, the historical flow 

data spanning the 12-month period of March 1989 to March 1990 (See Table 4-3) is averaged. In the averaging 

process 37.5 gpm, the design withdrawal rate at SW-61, is substituted for 166 gpm fur the 3/20/89 and 

3/12/90 recorded measurements This calculation gives an annual average Withdrawal rate of approximately 

14 gpm. Averaging the hlstorlcal flow data for SW-59 (See Table 4-2), the annual average withdrawal rate at 

SW-59 is found to be aiproxknately 1 gpm. As with the design flow rate for SW-132, the annual average 

withdrawal rate for SW-132 will be estimated from historical flow data at S W a .  Averaging the historical flow 

data at SW-60 ghm an estimate d the annual average withdrawal rate of 5 gpm at SW-132. 

0 
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TABLE 4-4 

SURFACE WATER FLOW DATA FOR SW60' 

flow (G PMl' 

0 
4.5 
4.5 
9.0 
4.5 
4.5 
4.5 

18.0 
4.5 
0 
0 

Date of flow 
m r e m e n t  

07/01 188 
0311 6/88 
0311 6/89 
05/15/89 
ww= 
07/06/69 
ww89 
0911 1/89 
10/03/89 
1 1 /06/89 
12/06/89 

1 flow data are obtained from the 1988 and 1989 field investigations. 

o 2  A flow rate of zero indicates either no seepage or an imperceptible flow. 



TABLE 4-5 

TOTAL 

DESIGN FLOWS AND AVERAGE ANNUAL WITHDRAWAL 
RATES FOR SURFACE WATER DIVERSION AND COLLECTION SYSTEM 

STATION 

sw-59 

SW-sl 

SW-132 

AVERAGE ANNUAL 

WITHDRAWAL RATES (GPML DESIGN FLOW IGPML 

4.5 

37.5 

18.0 

1 

14 

5 

60.0 gpm 



The flows from SW40 and SW-133 will be collected at the downstream station S W d l  by a new surface 

water diversion weir and pump station. A schematic of an example surface water diversion and cdiection 

system is illustrated in Figure 44. The weir at SW-61 will serve to divert up to 37.5 gpm from the drainage. 

Contaminated surface water will flow from upstream of the weir to a manhde and sump. For cost estimating 

purposes, it will be assumed that a 1,000-gallon capacity, precast concrete sump will be used at CS-61. 

Submersible pumps installed In the sump along with a level contrd system will automatically transfer cdlected 

water to the treatment facility. The pumping capacity will be designed to accommodate the 37.5 gpm design 

flow. If the idow into the pump station manhde exceeds the pumping rate, however, the excess flow will 

return through overflow piping to the drainage immediately downstream of the CS-61 weir. The seep flow from 

SW-59 will be isdated from the South Walnut Creek drainage and cdlected separately from CS-61 by 

diversion into a sump. For cost estimating purposes, it is assumed that a 500-gallon capacity,precast concrete 

sump will be used. Submersible pumps and level contrds will automatically transfer the cdlected water to the 

treatment system. The pumping capacity will be designed to accommodate the 4.5gpm design flow for CS-59. 

Although unlikely, if the inflow to the CS-59 pump station exceeds the pumping capacity, the excess flow will 

be discharged to South Walnut Creek via an overflow pipe. The overflow will enter South Walnut Creek 

upgradient of CS41 and will either be collected by, or allowed to pass, CS-61 depending on whether the creek 

flow is less than or greater than the 37.5 gpm design flow for CSSl . The flow at SW-132 will be cdlected and 

transferred to the treatment system in the same manner as for flow at SW-61. CS-132 will be designed, 

however, to divert and collect 18 gprn. For cost estimating purposes, a 1,000-gallon precast concrete sump 

will be used. 

- .- 

All sumpa and p i ~  wUI be provided with secondary containment to meet RCRA tank regulations. 

Pipelines will be heat traced and insulated to prevent freezing in the winter. 

4.3.1.2 Effectiveness 

Cdlection of OU 2 surface water in the South Walnut Creek Basin by diversion at the sources is an 

effective method that satisfies the objectives of the IM/IRA discussed in Section 3.1. Minimization of potential 

March lWl 
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threats to human health and the environment is achieved by diverting, collecting, and treating contaminated 

surface waters at or near the source. Downstream contaminant migration via surface water and ground water 

and rdease of VOCs to the atmosphere is minimized with this surface water collection system. The 

implementation of this collection action should not adversely affect the safety of nearby communities, and the 

risk to the environment should not be increased. 

0 

The surface water is collected and rutomaically transferred to the treatment system with little 

opportunity for worker contact. As a res& worker exposure to potentially contaminated surface water is 

minimized. Where worker exposure to surface water occurs (i.e., sediment removal), pumping equipment 

minimizes contact time, and standard personal protective equipment will offer a high degree of protection. 

Residuats (i.e., collected sediments) wUI not remain on site; they wUI be treated or disposed according 

to the standard RFP waste management procedures and project-specific SOPs. The SOPs will be prepared 

after the IM/IRA design is finalized to address specific waste handling activities. The collection structures are 

simple in design, and will require little periodic preventive maintenance to ensure continued reliability over the 

life of the IM/IRA. 

4.3.1.3 lmplementability 

The equipment and materials required to construct the surface water diversion and collection systems 

are standard and readily available. The systems are standard in design and do not require special skills for 

installation. Sump installation may result in disturbance of potentially contaminated soils and potential impact 

to the environment by release of contaminated dust to the atmosphere and release of contaminated soil via 

surface water runoff. This impact will be minimized by implementing project-specific health and safety plan 

procedures during construction (e.g., dust suppression, windspeed monitoring/constWion shutdown). The 

health and safety guidance documents pertinent to this IM/IRA Pian are discussed in Section 7.  The proposed 

cdlection system locations are easily accessible and power exists in the area. Since the collection systems 

SURFACE WATER IhlERIU REMEDIAL ACTION PLAN 
K C U Y  FLATS PLANT, GOLDEN. MLORADO 
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are simple in d-n they should offer reliable and relatively maintenance-free operation over the life of the 

tM/IRA. Manhob and sumps wPI require periodic cleaning to remove accumulated solids. 

4.3.1.4 costs 

Assumed capital and operating costs for the surface water diversion alternative are shown in Table 46 .  

The cdlection system can be constnrcted for $203,500, with annual operation and maintenance costs of 

514,600. At an interest rate of 10 percent and an operating life of 30 years, the present worth of this system 

is approximately $341,100. 

4.4. A TR TM NTTE HN 

4.4.1 m e d  SdMs Removal 

In this section, chemical treatment/cross-..dw membrane filtraLa (in this cxument 'chemical 

treatmenf is often dropped from 'chemical treatment/cross-flow membrane filtration' for brevity) and granular 

media filtration using a polymer and continuous backwash filter are evaluated to determine the cost-effective 

technology for suspended sdids removal. These two processes differ from conventional water clarification 

(chemical addltion fdlowd by gravity separation and filtration) by virtue of the lower sludge vdumes 

generated. As discwsed h the following subsections, each of these technologies will also remove 

radionuclides and &U&J to a certain degree. 

4.4.1.1 Closa-Flaw Memkane m i o n  

Cross-flow membrane filtration is a membrane separation techndogy for remod of suspended solids, 

dissdved metals, and radionuclides. (Chemical addition and removal mechanisms for dissolved metals and 



TABLE 4-6 

ASSUMED COSTS FOR SURFACE WATER DIVERSION 
AND COLLECTION SYSTEMS 

A. EQUIPMENT AND MATFRIAU 

QBnttty ltern 
2 1000gallon precast concrete sump 

1 5OOgallon precast concrete sump 

6 Uquid transfer pump 

1200 1.f. 

400 cuyd Concrete 

Insulated heat traced piping 

3 Pump station intake structures 

B. INSTALLAT ION 

Quantltvm 
3 ' Diversion structure 

3 ' Sump instahtion 

1 lot 

1 lot 

Surface water diversion berms 

' Contaminated soil disposal 

CAPITAL COST 
f!aL.um 

4,000 

1 ,000 

3,000 

4,200 

50,OOo 

3,000 

36,200 

17,000 

6,900 

10,400 

ANNUALCOST 
(DOUARS) 

l o  bo cumwdm, It b mUm8bd tM roilr oxcmmtd for cdkctlon ryrtrm rump inrtrlktlon will k di8PO8Od of u huudous 
mixod Wrrc @460 p u  oubk yud tnnrportrtion and dirpoul cost at tho M a  Trrt Sib). Tho ostimatod volumo of rxuvrtod 
rdlr k rpplorhuYySar#o yard& and to tJw following: 3 cubic yud8 for &5Q,lO cubic yudr for C-1, and 

4 

10 arblcyudmkr -132. 
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TABLE 4-6 (cont.) 

ASSUMED COSTS FOR SURFACE WATER DIVERSION 
AND COLLECTION SYSTEMS 

C. QPERATION AND MAINTENANE 

Q u a n t i t v l t e m  
3 Collection System Cleaning 

e Sediment Disposal 

' Pipeline Maintenance 

Power 

CAPITAL COSTS 
(DOLLARS) 

SUBTOTAL 

D. ENGINEERING AND CONT I NG EN CY 

Design at 25% of Capital Cost 
Construction Management at 5% of Capltal Cost 
Contingency at 20% 

TOTAL COST 

$1 35,700 

$33,900 

6.800 

27,100 

$203,500 

ANNUALCOSTS 
(DO1 IARa 

$12,200 

2,400 

$1 4,600 

PRESENT WORTH 

Present Worth Factor (PWF) = 9.427 (30 years, 1O%i for annual costs) 

$1 4,600/year x 9.427 = $ 137,600 

1990 capital Cost =u!2wx! 
$ 341,100 

Annual coilwtion ryrtrm ckaning oortr u o  buod on 32 mmhourr of k b r  at $60/hr. Colhction ryrtrm doming i n v o ~ s  
romoval of mdimontr that build up in tho rumps and bohind the divonnion win. 

To be conurv.tiw, it I6 ostimatod that mdimenb rocowrod from cotlodon ryrtrm doming Will bo disposed Ot 88 huudour 
mixod w u t r  ($450 por cubic yud trmrponrtion and disposal oom at tho Novada Tort Site). Tho Qost rrtim8tod ir bawd on 
approximately 9.5 cubic yudr of rrdimontr rocowrod mnudty. Thir w u h  volumo is buod on UI averago wrp.ndod d id6  
concentration of 350 ppm (600 W o n  4.4.1.1). it ir uurmed thrt 8pproximrtdy 20 pomnt of tho wapondod solidr in tho 
surfam w8Ur will ac~UmUlat0 in the collwtion rymm wmps and tronchor, 8nd tho nwlting w u t ,  will bo 30 porant solidr by 
woight. 

5 

8 

Annual pipdine mainknmca cow are b88od on 100 mmhoufb of I8bor 8t =fir. 

Annual 0l.Ctriul powor corn are bawd on rwo 3hp (CWl and CS132) and on0 l h p  (CSS) liquid tr8nrf.r pump6 at 
$O.O?/Kwh. 
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radionuclides are discussed in Section 4.4.2.1.) As shown in Figure 4-5, the process consists of chemical 

addition, filtration through a 0.1 pm filter, solids recirculation, solids separation and dewatering, and final 

neutralization. As discussed in more detail in Section 4.4.2.1, chemical addition is a pretreatment step for 

initiating precipitation, co-precipitation, and adsorption of metals, Le., conversion to the solid phase. However, 

the solids will aid in the removal of influent suspended solids by coagulation of fine particles and/or 

enmeshment in the hydrous metal oxide flocs. The pretreated feed combines with the recyde stream (2 to 5 

percent solids) from the membrane fitration unit and is subsequently filtered mechanically. The membrane fdter 

0 

is in a shell and tube configuration with the membrane on the inside of the tubes. The permeate passes 

through the tubes perpendicular to the main flow at a low operating pressure. The flux through the filter Is high 

relative to other membrane technologies, e.g., reverse osmosis and ultrafiltration, because of the large pore 

diameter of the filter. flux rat- of 200 to 400 gallons per square foot per day (gal/@/d) are typical for the 

membrane. A fraction of the recyde slurry is Med off for solids removal through gravity separation and 

mechanical dewatering. The permeate (flow passing through the fitter) is neutralized by addition of suffurk acid 

prior to discharge. e 
For the surface water IM/IRA, It is assumed for costing purposes that a modular and skid-mounted unit 

will be required, with an assumed output capacity of 40 to 80 gpm and approximately 40 kilowatts (KW) of 

power. The unit would contain the following components: 

- 2 12OOgallon reaction tanks; 

- 1  --tank 

- 1 7009pm reckculatlon pump 

- 1 derrning and 

- 28 tubular membrane fitration modules. 

Auxiliary tanks and process equipment would Indude: 

2 250gallon chemical feed tanks; 
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- 1 15OOgallon solids sedimentation tank; 

- 1 1OcuMc-feet per day plate and frame filter press for sludge dewatering: and 

- 1 10,OOOgallon feed equalization tank. 

Cross-flow membrane filtration is effective at removal of suspended solids. There are numerous 

applications of this technology in use throughout the United States. Effluent suspended sdids concentrations 

are less than 1 mg/f mepel and Shorr, 1985). Because the radionuclides and metals are largely associated 

with the suspended solid fraction (see Section 4.4.2.1), simple suspended solids removal is anticipated to 

remove greater than 99 percent of these constituents. Toxicity of contaminated surface waters is thus 

significantly reduced In terms of potential future radionuclides and metals exposure, and it is likely that the 

ARARs will be achieved with the proper chemical feed. Treated water wll be monitored to ensure contaminants 

are within regulatory guidelines. Cross-flow membrane filtration provides reliable and automated surface water 

treatment senrice requiring minimal operator intervention. Workers can be easily trained on the safe operation 

of the unit and handling of dewatered solids. This, together with health and safety design considerations (trailer 

venting, alarm/emergency shutdown systems, automated clean-in-place equipment, etc.) provides a high 

degree of worker protection. Sludges generated by the cross-flow membrane filtration process will be handled 

according to the RFP standard waste management procedures and project-specific SOPS. 

a 

Crossjlow memmne filtration as described above has been used in industry and municipalities for 

wastewater treatment and for groundwater and surface water remediation since 1979. There are hundreds 

of units in operation today demonstrating that cross-flow membrane filtration is a reliable process. The high 

sdids content of the recycle flow produces scour action on the membrane, minimizing fouling and thus the 

cleaning frequency (1 hour every 40 to 80 hours of operation). The membrane, an inert fluorocarbon material, 

can be cleaned with strong oxidants (hypochlorite) to remove bacterial films, or strong acids or bases to 

a 



remove deposited metal hydroxides. The membrane will not degrade in the presence of the dilute 

concentrations of the soivents in the surface water. The equipment required to constmct a cross-flow 

membrane filtration system is standard and readily available and special skiiis are not required for installation. 

Off-site permitted disposal facilities are avalable for disposal of treatment residuals. 

@ 

The demonstrated performance and anticipated effectiveness for remediating OU 2 surface waters 

cdiected from South Walnut Creek Basin should result in a high degree of public accBpcMcB of cross-flow 

membrane filtration. 

Assumed capital and operational costs for the cross-flow membrane filtration system are shown in 

Table 4-7. Note that since the economic analysis of the treatment alternatives is a comparative one, process 

stream monitoring and analysis costs are not included in the cost estimate for cross-flow membrane filtration 

or other treatment units examined in this section since these costs are common to all treatment units. in 

calculating sludge disposal costs, values for influent suspended solids concentration (350 ppm) and average 

annual year-round influent flow (20 gpm) were estimated. The influent suspended solids concentration is 

based on a flow-weighted average concentration calculation simiiar to that used for calculating the influent 

contaminant concentrations in Table 4-1. The suspended solids concentration data used in the computation 

was obtained from the 1987, 1988 and 1989 fieki investigations. The average year-round influent flow of 

20 gpm is estimated in Section 4.3.1 .l. A cross-flow membrane filtration system can be installed for $486,500, 

with annual operation and maintenance costs of $249,000 per year. Assuming a 10 percent interest rate and 

a 30-year operating life, the present worth of the system is $2,833,500. 

0 
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TABLE 4-7 

m 
A 

ASSUMED COSTS FOR CROSS-FLOW MEMBRANE FILTRATION PROCESS 

Cross-Flaw Membrane Filtration Unit 
(SO GPM Design Flow) 

2 12OOgallon R e a d o n  Tank with 

Metering Pump 
Mixer pH ControHer and 

1 3ooogallon Concentration Tank 

1 7OOgpm Recirculation Pump 
Membrane Filtration Modules 
MUTI~X~IW cleaning system 
'Electrical 
'pipiw . -  e 

B. AUXILIARY EQUIPMENT 

1 10,000gallon Equalization Tank 

1 ume slwry system 
Indudes 25ogallon Tank, Mixer, 
Reci- Pump, Level Control 

2 Pawdered chemicd system 
, 1ndud.w 25ogallon Tank. Mixer, 

Marering pump 

1 ~ k a t i c n l S y s t e m  
Indude8 15oogelion Tank, Mixer, 
Mawing Pump pH monitor/controller 

1 lecU. Ft Filter Press 
Includes Feed Pump, Dumpster, . 
Air Blowdown System 

2 Trailer 

capital Cost Annual Cost 
*(Dollan) Arh!!mL 

$216,100 

$ 14,500 

11,400 



TABLE 4-7 (cont.) 

ASSUMED COSTS FOR CROSS-FLOW MEMBRANE FILTRATION PROCESS 

ltem 
C. 

D. 

OPERATING COSTS 

Zoperation and Meintenance 
'Monitoring and Analysis 
4Power 
*Sludge Waste Disposal 
%atmentchemicals 

SUBTOTAL 

ENGINEERING AND CONTINGENCY 

Design at 15% dTotal Capital Cost 

Constnrction Management at 5% of 
Total capital Cost 

continoency at 20% 

TOTAL COST 

Present Worth: 

$347,500 

$52,100 

17,400 

69.500 

$486,500 

$131,000 

24,500 
32,000 
20.000 

$207,500 

41.500 

$249,000 

Present Worth Factor (PWF) = 
$249,000/yW X 9.427 = $2,347,000 
199OCapitalCOSt= AMlSQQ 

$2,833,500 

9.427 (30 years, 1O%i for annual costs) 

a Chomicrl eonrumpbion corn u. bawd on M .vmao y.u.twnd influont tlow of 20 gpm, 0.3 pound8 of iron md 1 pound 
of limo rquimd pw 1 ,OOO gallon8 of rutface vator trortrd. 0 



4.4.1.2 Granular Media Faration 0 
Descri- 

The continuous backwash, continuorw upllow sand filter was introduced to the United States in 1979 

(Hetzer, 1987). A s  shown in Figure 4-6, pdymec is injected into the surface water, followed by rapid mixing 

in an in-line static mixer. Water rises through the bed where flocculation, coagulation and floc removal occur. 

Clean water overflows a weir at the top of the sand bed. As the water rises, sand moves downward through 

the bed countercurrent to this flow of water. This downward motion is induced by an air lift system in the 

center of the bed (centralized pipe wlth air injection at the base) that draws the sand upward. Turbulent flow 

is created in this air IWt, scouring the dirt from the sand. The ditt/sand slurry spills over at the top of the airlift 

into a compartment with a perforated bottom and overflow weir. The rapidly settling sand separates from the 

dirt in this compartment, and the dean sand is returned to the top of the sand bed. The dirty water exiting the 

filter would be directed to a sedimentation tank, and the overflow from this tank sent back to the filter. The 

solids from this tank will require dewatering and disposal waste management operating procedures. 

Continuous upflow sand filters are typically deslgned based on a hydraulic loading of 4-5 gpm/ff. For the 

surface water IM/IRA, a packaged fiberglass unit with filtration area of 12 ftz, a diameter d 4 feet, a height of 

0 

12 feet with a sand bed depth of 40 inches (3.3 tons d sand), and requirhg 0.5 to 1.5 standard cubic feet per 

minute (SCFM) of air at 15 to 25 pounds per square inch (psi) would be applkable. A 10,000-gallon settling 

tank as well as a sludge conditioning and dewatering system will also be required. 

Granular media fhatlon with polymer addition is as effective at removal of suspended solids as 

conventional flocculation/coagJation and rapid sand filtration. Plutonium, americium, metals and, to a lesser 

extent, uranium will be largely removed in this unit because plutonium and americium exist predominantly as 

colldds in natural waters (Ohandini, 1990). The unit operation equipment is simple in design, offers operational 

reliability, and requires no special skills for installation. Workers can be easily trained on the safe operation a 
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of the unit and handling of dewatered solids. This, together with health and safety design considerations, 

provides a high degree of worker protection. The effluent from this system will be suitable for subsequent 

downstream treatment for dissolved radionuclide, metals and organics removal. 
0 

Granular media filtration with polymer addition is a demonstrated technology wlth to suspended 

solids removal. Continuous upflow sand RIters are particularly suitable for small water treatment plants where 

operating personnel are limited. They operate continually without the need to be shut down for backwashing 

because they are self-cleaning and have no moving parts. The unit operation equipment required (Le., 

continuous upflow filter, In-line static mixers, fitter press, etc.) are standard and readily available. The upflow 

filter with continuous backwash is available as a complete unit and a minimal amount of structural mounting 

and piping is required to place it into setvice. Off-site permitted disposal facUities are available for disposal of 

treatment residuals. The demonstrated performance and anticipated effectiveness and reliability of granular 

media filtration should result in acceptance of the technology by the public. 0 

Relative to conventional suspended solids removal, granular media filtration with polymer addition is 

cost effective in terms of both capital and operating expenses. Assumed capltal and operational costs for the 

continuous upflow sand filter and appurtenances are shown in Table 4-8. The system can be installed for 

$167,100, with annual operation and maintenance costs of $82,700 per year. Assuming a 10 percent interest 

rate and 30-year operating Me, the present worth of the system is $946,700. 
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TABLE 4 8  

ASSUMED COSTS FOR GRANULAR MEDIA FILTRATION 
TREATMENT UNIT 

cost Annual Cost 
lDoilarsl 

A. EQUIPMENT 

1 Continuous Upflow Sand Filter 
1 10,000-Gallon Equalization Tank 
1 Air Compressor and Dryer 
1 Pump and Associated Piping 
1 10,000-Gallon Sedimentation Tank 
1 
1 Trailer 

lOcubic feet per day filter press 

6. OPERATION AND MAINTENANCE 

C. 

'Operator and Maintenance 
2Monitoring and Analysis 
'Power 
4Sludge Waste Disposal 
'Pdymer Consumption 

SUBTOTAL 

ENGINEERING AND CONTiNGENCY 

$ 24,000 
12,500 
3,800 

500 
12,500 
~ , O O o  
22,OOO 

$1 19,300 

Design at 15% of Total Capital Cost $17,900 
Construction Management at 5% of Total Capitai Cost 6,000 
Contingency at 20% 23.900 

TOTAL COST $1 67.1 00 

PRESFNT WORTH 

Present Worth Factor (PWF) = 
$ 8 2 , 7 o o / ~ . X  9.427 31 $7?9,600 
1 9 9 o ~ c o s t  = 167.104 

$946,700 

9.427 (30 years, 1O%i for annual costs) 

$43,800 

2,600 
22,000 

500 
$68,900 

13.800 

$ 82,700 

OpOrrting and Nknrnrnor costs u. burd on 2 m8nhoun of labor por day at SO/hour. 

hhnbn'ng and Mdylkd Oortr u. not indudod boc8uu thry ur tho sun0 for 8lI tnr;tmrnt tbchnologirr considerod for this 
IM/IRA. 

Ooctric powor costs am basad on I 3 hp pump 8nd a 2 kw air cornprostor at $0.07 prr kwh. (Convoion factor: 0.7457 
kilow8~/homopowrr) 

To k con..cv.tiV. in oort ntimating, H is -mod that fibr prom Judgr will k diSpo8od o f  8s 8 mixod W 8 a O  (Ssso por cubic 
yard tranrpomtion md dirporrl cod 1 tho W 8 d 8  Tort Site). Annual production of filter elk, is burd on 8n avrragr pu.round 
infiurnt flow of 20 gpm aMWning approxim8toly 350 ppm of wspondd wlidr. Tho filtof crkr produad is urumed 10 bo 30% 
solid8 by wdghl with 8 drnrity o f  80 Ibs. pw cubic foot. Rationolo for a 20 gprn 8VW8gr 8nnu.l influrnt flow 8nd an avrrage TSS 
influent concontrmion o f  350 ppm is prruntod in Sodon 4.4.1. (Convorson factors: 7.48 gsllonr/cubic foot. 8.34 pounds of 
w8Wr/gJon) 

Polymrr conwmption cost8 ur based on 8n rvrr8gr yrar-round influrnt flow of 20 gpm and 0.5 ppm polymer concentration. 

1 

' 
3 

4 

' 
0 



Metals Remova * 4*4.2 Radionudid= and 

4.4.2.1 Crossnow Membrane Filtration 

DescriDtion 

The cro884ow membrane filtration system (as applied to suspended solids removal) was previously 

discussed in Section 4.4.1.1. In this section the chemistry and removal mechanisms for radionuclides and 

metals, as applied to cross-flow membrane filtration, are discussed. 

There are five oxidation states of plutonium (Pu) in aqueous solutions: Pu(lll), Pu(IV), Pup), Pu(VI), and 

Pu(VII). However, under the oxidizing and near-neutral conditions expected in the surface water, the Pu(IV) 

oxidation state is the most stable (Cleveland, 1979). Pu(IV) is practically Insoluble under these conditions 

because it readily hydrolyzes to form Pu(OH),(s) and, upon loss of water, to produce the thermodynamically 

stable PuO,(s). This solid phase is a colloidal polymer of neutral or positbe charge. Increasing pH tends to 

reduce the charge density d the polymer, and at pHs above 9 it is presumed that the colloid becomes 

negathrely charged. This reduction in charge density and eventual conversion to an anionic form at pHs above 

9 decreases its adsorption affinity for soils and thus increases its mobiiity in the sol/water environment. In 

solution, PuO and Puw)  coexist as ions with the Pu(lV) polymer. At a pH of 8, the dominant ionic form of 

plutonium may be Pu0&O3OH occurring at a concentration of approximately 10l2M (1.5 x lo6 pCI/L).  

However, the sdubplty d plutonium can be increased through complexation with humic acids. 

0 

- .- 

Americium (Am) has one oxidation state in aqueous solutions: Am (111). Under oxidizing and near- 

neutral conditions expected in surface water, Am (111) strongly complexes with colloidal materhl and should 

exist in the particulate fraction (Orlandini, 1990). 

* There are four oxidation states of uranium in aqueous solutions: U(III), U(IV), Up), and UWI) (Sorg, 

1987). U(III) and Up) are unstable, and U(VI) is the thermodynamically predicted oxidation state of uranium 

uucn 1801  
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under oxidizing ronditlons. U(VI) predominantly exists as the uranyl ion (UO:'). The uranyl ion readily 

complexes with the common anions chloride, sulfate, nitrate, and carbonate. In water with carbonate alkalinity 

and a pH range of 7-10, the dominant soluble species of U(VI) are UO,(COJ," and UO,(COJ,+. At pH 

exceeding 9.5, the uranium hydroxide complex (UOJ,(OH),' becomes predominant. Unlike plutonium, 

uranium is significantly more soluble in water. 

Soluble plutonium, americium, uranium and metals are removed from solution in the cross-flow 

membrane filtration process by adsorption on a ferric hydroxide floc. The most effective removal of uranium 

by conventional coegulatlon using iron salts is at a pH greater than 9.5. This is presumed to be due to the 

predominance of the positively charged uranium hydroxide ion in the presence of the negatively charged ferric 

hydroxide (Sorg, 1987). Because the predominant form of plutonium and most metals in the surface water is 

particulate, the cross-flow membrane filtration process will remove this radionudide from the influent through 

adsorption to, and enmeshment in, the ferric hydroxide. 

Ferric sulfate [F&(SOJJ is the iron salt of choice for introducing ferric iron to the influent stream. 

Because of the hydrolysis of ferrk iron, the pH drops to 2 or 3, which facilitates dissolution of the Iron salt. The 

ferric sulfate is automatically fed in dry form to the influent in reaction tank No. 1 (see Figure 4-5). The ferric 

ion will rapidly hydrdyze at high pH (9 to 11) to form ferric hydroxide Fe(OH),(s). Hydrated lime [Ca(OH),] 

is automatically added in reaction tank No. 2, and is used to raise the pH, which also improves the 

compressibility of the f& hydroxide sludge. In surface water treatment applications, iron and lime 

consumption h typicaHy 0.3 ibs and 1 Ib, respectively, per 1 ,OOO gallons of influent. These estimates will be 

made more exact based on the bench and field-scale treatability studies described in Section 6. An adjustment 

- .- 

with a pH controller wlll be required prior to discharge of the permeate to maintain the effluent in a pH range 

of 6 to 9. 



Although limlted, there is data demonstrating the removal of plutonium from water using cross-flow 

membrane filtration. The only data available is from a study performed at the RFP using a small-scale, cross- 

flow membrane filtration untt (c  1 gpm) treating plutonium- and uraniumcontaminated laundry wastewater. 

Results are shown Wow: 

Gross alpha 
Gross beta 
Total uranium 
Plutonium 

Concentration ( Ci/ L) 
influent [fluent 

2,480 5.3 
3,933 8.9 
1,238 2.25 
63.4 0.25 

The plutonium removal efficiency indicated by these test results is greater than 99 percent. Other data 

from previous test ntns on laundry waste water indicated effluent plutonium concentrations less than the 

detection limit (0.1 w i l l ) .  Considering the complexing agents present in laundry water, it is possible that the 

cross-flow membrane filtration process can meet the ARAR for plutonium of 0.05 @ill. Using the percent 

plutonium removal for the above reported test and the expected influent concentration of plutonium to the 

0 

treatment facility, the ARAR will be achieved based on theoretical calculations. 

Data demonstrating removal of americium from natural waters is not available at the time of this writing. 

However, amerldum'e strong effin&y for particulates in natural waters suggests that americium should be 

removed from South Walnut Creek Basin surface waters by cross-flow membrane filtration via the suspended 

solids removal mechanisms. This observation is supported by examination of the dissolved and total 

americium concentrations detected in South Walnut Creek Basin surface water samples (Appendix B). 

Examination of these data reveals that there were no instances where dissolved americium concentrations 

exceeded the ARAR. Total americium concentrations (i.e., dissdved plus particulate), however, exceeded the 

0 ARAR on sevemi occasions. 

Much 1891 
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Because of its ubiquity in water supplies, there is considerably more information on the removal of 

uranium during water treatment. Uranium removal efficiencies have been reported for conventional 

coaguiation/filtration water treatment, and data exist for cross-flow membrane filtration used at the RFP and 

at Uranium Mill Tailings Remedial Action (UMTRA) sites. The UMTRA project is a DOE-sponsored proQram to 

dean up low-level radioactive uranium mill tailings and associated contamhated surface water runoff in eleven 

western states and Pennsylvania. With regard to conventid water treetment, using a dose of 10 mg/l of 

ferric sulfate as a coagulant with a pH of 10,80 percent removal of uranium has been rsported (Sorg, 1987). 

Use of ferrous sulfate at doses between 20 to 25 mg/f and at the same pH resulted in removals as high as 

92 to 93 percent. For cross-flow membrane Wrath, the above-reported test at the RFP Indicates achieving 

greater than 99 percent removal and meeting the ARAR for uranium (10 pCl/f). At the Canonsburg UMTRA 

site, water containing 4,400 pCl/l of total uranium was treated to achieve a total uranium concentration of less 

than 1 Kill. Although speclfic data is unavailable, the cross-flow membrane fittration unit operating at the 

Durango UWRA site is achieving effluent uranium concentrations below the Colorado in-stream standards for 

that area. 

@ 

It would appear that cross-flow membrane fittration should be Mecthm for removal of plutonium, 

americium and uranium as well as other metals from South Walnut Creek Basin surface water. ARARs should 

be achieved for plutonium, americium and uranium, although there Is less data and correspondingly less 

certainty on the performance of the system for plutonium and americium removal. ARARs for gross alpha and 

gross beta should also be achieved. The gross alpha is largely from uranium and particulate forms of 

plutonium and americium, and most of the gross beta arises from uranium 238 daughters, e.g., thorium 243 

and protactinium 234. The thorium and protactinium predominantly exist in the particulate fraction and should 

be removed by cross-flow membrane filtration via adsorption on iron hydroxide. Although cesium 137, 

potassium 40, lead 210, and strontium 90 (which are m e  soluble) also contribute to gross beta acthrity, the 

success of the current filtration operation to lower the gross beta concentration at Pond 8-5 would indicate 

that they are not significant contributors to the gross beta activity in South Walnut Creek. Removal of the 

radionudues should effectively reduce the potential threat to the public health and the envhonment. The ARAR 

for TDS may not be achieved with cross-flow membrane filtration as a result of the a d d b  of ferric sulfate and 

0 lime to the process influent. 
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The ARAR for TDS is not a public health-based standard; rather, it is a secondary drinking water 

standard set for aesthetic reasons. The bench and field-scale treatability studies will provide TDS concentration 

data of treated fluent. 

See Section 4.4.1.1 for a discussion of the implementability of the cross-flow membrane filtration 

process. 

See Section 4.4.1.1 (Table 4-6) for a presentation of the assumed capital and operating and 

maintenance costs of the cross-flow membrane filtration process. 

4.4.2.2 Ion Exchange 

DescriDtioq 

The ion exchange treatment system for the removal d radionuclides consists of a strong base anion 

exchanger fdlowed by a weak acid cation exchanger (Figure 4-7). These exchangers are designed for the 

removal d urankm a d  plutcmium/amerlcium, respectively. Both ion exchangers have been designed 

conservatively udng a hydraulic loading less than 5 gpm/ff and a bed capacity less than 2 gpm/f?. This 

translates to a efod diameter column with a resin bed depth of 3 feet. The column will indude 100 percent 

freeboard. This freeboard is neceswy for resin expansion during regeneration or for backwashing if required. 

The strong base anion exchanger will contain 37.5 ff' of Rohm and Haas IRA402 resin or equivalent 

in the chloride form. Regeneration will not be required because of the high afflnity and capacity of the resin 0 
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for uranium. The expected life of the unit is greater than 30 years at the expected influent uranium 

concentration. Although other anions wUI be adsorbed to the resin, the preferential adsorption of uranium over 

other anions in solution will, over time, displace these anions. The spent resin will ultimately require 

solidification and disposal at the Nevada Test Site. 

The catlon exchanger will contain 37.5 of Rohm and Haas IRC-50 weak acid cation exchange resin 

or equivalent in the sodium form. This resin has a high affinity for high molecular weight metals, e.g., mercury, 

copper, lead, and zinc. Published Information on the removal of plutonium and americium from natural waters 

by ion exchange has not been found. A cation exchange resin with a high affinity for heavy metals is most 

likely to r e m e  plutonium and americium because these constituents will predominantly exist as colloids 

carrying a positive charge. The performance of ion exchange for the removal of plutonium and americium is 

unknown; however, it is noted that most of the plutonium and americium should be removed during upstregim 

suspended solids removal. There is insufficient information to determine the frequency at which the resin will 

require regeneration. It is assumed that, like the anion exchanger, the cation exchanger will not require 

regeneration over the life of the IM/IRA. 
(I) 

Ion exchange has been proven to remove heavy metals and uranium from water to meet the ARARs, 

whereas plutonium and americium removal using this technology is unproven. Ion exchange has been used 

to remove urankrm frommine water far many years and has been studied extensively by EPA for the removal 

of uranium from dhktng water (Sorg, 1987). ion exchange is commonly used for the removal of plutonium 

from strong acid sdrsbns, but no krfonnation exists on the use of ion exchange for the removal of plutonium 

(or americium) present in natural waters. The absence of plutonium and americium remaVal efficiencies in ion 

exchange does not allow condusions to be drawn with regard to its effedveness in reducing the toxicity of 

influent South Walnut Creek Basin surface waters, and thus, protection of human health and the environment 

0 and public health. 



An ion exchange system is for the most part a self-contained and automated operation. Workers may 

be easily trained on the safe operation of the system. There is uncertainty as to whether the cation exchanger 

(Le., plutonium and americium removal) will require regeneration. This lends uncertainty as to the vdume of 

treatment residuals that will be generated as well as the degree of worker exposure in handling the 

regeneration wastes. The anion exchanger will not require regeneration, as discussed earlier, as the uranium 

carbonate complex will preferentially displace major ions that will initially load onto the resin. 

0 

lmdementabilhy 

Ion exchange is a well established techndogy that has demonstrated long-term relhbility and 

performance in water treatment and after applications. The vessels, piping and pumps required to construct 

a system are commercially available, off-theshelf items. The anion and cation exchange resins, however, are 

specific to each application and, as suggested above, effective resins for plutonium and americium removal 

from surface waters may not be readily avallable. If the weak acid cathm exchanger requires regeneration (i.e., 

plutonium and americium removal), an acid regeneration system would be required, and the wastewater from 

regeneration would require storage and treatment at the Building 374 Process Waste Treatment System 

(chemical precipitat&m/flash evaporation). If regeneration of the cation exchange resin is not required, 

operation and maintenance requirements for the system will be low. Effluent would be routinely monitored for 

breakthrough d the radhudides shown in Table el. The removal of suspended solids in a pretreatment step 

is required to prevent fouling d the resin. 

@ 

- .- 

At thb time, the degree d uncertainty associated with plutonium and americium removal suggests the 

public will M readily accept ion exchange as a preferred treatment technology. Demonstration of technical 

feasibility through treatability study testing is necessary. 



Assumed capital and operational cost for the ion exchange system is shown in Table 4-9. Costs for 

pretreatment of the influent for removal of suspended solids are not considered in Table 4-9. The system can 

be installed for $289,900, with annual operation and maintenance costs of $45,400 per year. The operation 

and maintenance cogt assumes that regeneration of the weak acid cation exchange resin will not be required. 

At an interest rate of 10 percent and an operating life of 30 years, the present worth of the system is $717,900. 

4.4.3 proa nlc Contaminant Rem- 

4.4.3.1 Acthrated Carbon Adsorption 

With a GAC adsorption system, the surface water will be pumped through two GAC columns in series 

and operated in downflow fkeed-bed mode (Figure 44). A second set of GAC cdumns will be maintained in 

stock. Each carbon column is 60 incherr in diameter and 87 inches high, and contains Moo pounds of carbon. 

Based on a flow rate of 60 gpm, the hydraulic ioading to each column will be approxknateiy 3 gpm/fL The 

empty bed contact time for each column will be approximately 18 minutea To completely utilize the carbon, 

columns are ananged In series, allowing the lead cdumn to become fully exhausted before regeneration while 

the second (pdbhirrg) column ~ ~ ~ s u r e ~  effluent quality. Periodic samples will be taken from the effiuent of each 
- .- 

unit, and when tho lead unit effluent exceeds A M s ,  the lead carbon cdumn will be removed, the polishing 

(second) column will become the lead column, and a stock carbon unit will be put in 8BNIce as the polishing 

unit. The carbon cdumn with the exhausted carbon will then be shipped to an off-site location for 

regeneration. 



TABLE 4-9 

A. EQUIPMENT 

ASSUMED COSTS FOR ION EXCHANGE 
TREATMENT SYSTEM 

2 Strong AnionWeak Cation 
Exchange Treatment System 

Capital cost Annual Cost 
(Dollars) aQ!!aEL 

$160,000 

1 2500gallon Regeneration Waste Storage Tank 3,000 

2 Trailer s 44,000 

B. 

C. 

OPERATION AND MAINTENANCE 

'Operation and Maintenance 
*PWW 
'Monitoring and Sampling 

SUBTOTAL 

ENGINEERING AND CONTINGENCY 

$207,000 

Design at 15% of Capital Cost $31,100 
Construction Manegement at 5% of Capitai cost 10,400 
contingency at 20% 41.400 

TOTAL 289,900 

- .- 
PRESENT W O q M  

P ~ W o r t h F a c t o r ( P W F )  = 8.427 (30 years, 1O%i for annual costs) 

19QOcaplEdCOSt 289.900 
$ 4 ! 5 , 4 0 0 / ~  x 9.427 = $428,000 

$ 717,900 

36,000 
1,800 

37,800 

7.600 

45,400 

Poww o8lim.t.r M bwd on two 2hp pman pump apuatod continuously at $0.07 per kwh. (Cawomion factor: 
0.7457 kibwatb/hofsopoww) 

2 

0 
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GAC adsorplon systems have been shown to remove VOCs from contaminated water to levels that 

comply with the ARARs. The EPA (Federa/ Register, Vd. 52, No. 130, page 25698) has designated carbon 

adsorption a 'Best Available Technology' for the removal of seven specific VOCs from drinking water which 

indudes common chlorinated solvents. This assumes that vinyl chloride, methylene chloride, and acetone are 

not present at the pIoposed South Walnut Creek Basin surface water collection locations since these 

compounds are not readily adsorbed from sdution using activated carbon. The surface water quality data 

presented in Appendix B indicates that these compounds were detected at levels above ARARs only at stations 

SW-56, SW-60 and SW-101. It ts proposed, however, that surface water from these stations be collected at 

the downstream station SW61 where vinyl chloride, methylene chloride and acetone have always been 

estimated below detection limits and/or were also present in the associated laboratory blanks. The absence 

of these VOCs at SW41 may be due to laboratory artifact (Le., not actually present at the upstream stations), 

@ dilution, and/or volatilization. 

The probability of equipment failure will be minimized in this system because of the redundancy of 

having standby lead and polishing adsorption units in parallel to the operating units, each of which could treat 

the design flow. Two additional stock u n b  on site add to the system reliability. Appropriate safety measures 

required when moving and installing large equipment will be complied with during installation. The operation 

and maintenance d the system WPI be by personnel who are trained in the handling of hazardous and 
- .- 

radioactive waataa Wet actbated carbon preferentially removes oxygen from the air. Therefore, any time 

personnel are workhg in confined areas where oxygen may be depleted, appropriate sampling and work 

procedures for potentially lowoxygen spaces w l  be followed, including all applicable federal and state 

requirements. 

The operators d the GAC system will not be exposed to VOC-laden carbon because the use of the 

containerized and transportable carbon contactors allows removal and regeneration/replacement of the 

exhausted carbon at a remote carbon reactivation site. Carbon will not be handled at the site. Transporting 



0 the entire exhausted carbon cdumn to the regeneration facility ensures operators are protected from the 

carbon, and the operators need only follow routine safety procedures which are appropriate to handling heavy 

equipment. 

The exhausted carbon is generally regenerated through a thermai treatment process which strips the 

volatile organics from the carbon. The organics are subsequently destroyed via incineration. During this 

regeneration process, a small quantity of ash may be generated which requires disposal at a landfill. Thus, 

this process can be considered an alternative to land disposal since the carbon is continuously recycled. 

GAC adsorption treatment in sealed, fixed-bed contactor vessels does not produce any waste streams 

or vapor emissions. The safety of nearby communities should not be adversely affected and the risk of ham 

to the environment should not be increased. This treatment process will effectively remove many of the target 

organic contaminants from the surface water. Treated water will be monitored at the effluent and also at an 

intermediate point in the system to ensure contaminants are below the ARAR concentrations before being 

released to South Walnut Creek during implementation of the process. 

e 

GAC adsorption is a proven techndogy for reducing many VOCs from water. Testing performed by 

Calgon (Rockwell International, 1388b) demonstrated that acthted carbon can r e m e  VOCs to meet ARARs. 

A second carbon un& connected in series with the lead unit would serve as a polishing unit and will ensure 

removal of the VOCa to these levels. The removal of suspended solids in a pretreatment step is required to 

prevent fouling of the catt)on. The carbon cdumns can be easily shipped and readily installed. The system 

should be ready to operete.at MI capacity after initial adjustments and test runs. Carbon sewices that provide 

rental and regeneration of carbon cdumns are common and offer an alternative to a capital purchase. A high 

degree of public acceptance is anticipated for GAC adsorption based on its BDAT classification, and the 

minimal generation of treatment residuals. These services are readily available and cost effective for an interim 

action. 

- .- 

0 



It is estimated that the carbon usage rate will be 0.6 pounds per 1,000 gallons of surface water, based 

on breakthrough of 1,l -DCA. This assumes that vinyl chloride, methylene chloride, and acetone are not 

present at SW-61. Based on a maximum flow rate of 60 gpm, the annual consumption of carbon will be 

approximately 20,OOO pounds. The cost of a 20,000-pounds-per-year carbon sewice is $50,000. This indudes 

the rental and regeneration of 10 carbon columns, each containing 2,000 pounds of activated carbon. The cost 

of round-trip shipping is estimated at S3,OOO per cdumn. It is assumed that the exhausted carbon columns 

will be shipped as a manifested hazardous waste. 

Using the preceding information, the assumed capital cost for installing a carbon adsorption system 

is $70,600, and the assumed annual operating cost is $1 70,300 as shown in Table 4-10. Costs for pretreatment 

of the influent for removal of suspended solids are not considered in Table 4-10. Total cost (present worth) 

of the GAC adsorption system based on 10 percent simple interest, a =-year duration of operation, and no @ 
salvage value, is estimated to be approximately $1,676,000. 

4.4.3.2 Ultraviolet (W) Peroxide Oxidation 

- .- 

The W/peroxide treatment unit, as designed by one manufacturer, consists of an 360-gallon, stainless- 

steel oxidation chamber which provides for a surface water retention time range of 4 to 8 minutes at a peak 

system flowrate of 60 gpm (Figure 4-9). 

The oxidation chamber contains UV radiation lamps which are mounted horizontally in quartz sheaths. 

A hydrogen peroxide feed system is used to inject approximately 50 mg/f (per ppm of organic contaminants) 

of a 50 percent H& solution into the surface water feed line. The surface water/peroxide mixture then passes 0 



TABLE 4-10 

ltem 
A. EQUIPMENT 

ASSUMED COSTS FOR GRANULAR ACTIVATED 
CARBON TREATMENT SYSTEM 

capital Cost Annual Cost 
A!&!!mL A!&!!mL 

1 Process Piping and Pump 

1 Trailer 

B. OPERATION AND MAINTENANCE 

'Activated Carbon Setvke 
'Shipping 
3Power 
*Operath and Maintenance 
IGAC Analysis 

3,000 

~ , 0 0 0  

$50,000 
30,OOo 
1,800 

4.500 
55,600 ' 

SUBTOTAL s 47,000 $ 141,900 

C. ENGINEERING AND CONTINGENCY 

Design at 25% of Total Capital Cost 

Contingency at 20% 9.400 28.400 

$11,800 
2,400 Consmaion Management at 5% of Total Capital Cost 

TOTAL S 70,600 S 170,300 

PRESFM WORTy 

Present WodFactor = 9.427 (30 years, 10%1 for annual costs) 
$170,3Oo/y~ x 9.427 = $1,605,400 
1 9 9 o ~ c o s t  = 7o.600 

S 1,676,000 

Annurl GAC wvia cmts uo b.rrd on rmtrl  and fogonoration ot ton 2,OOGpound carbon columns at S5,OoO por column. 

Shipping costs am baaed on 10 round trip d u m n  shipmom por yeu at S3,OOO pw round-trip shipment. 

Powor c0m u. bmod on on0 4-hp pump @ SO.O7/kwh. ( C o n d o n  1.ctor: 0.7457 kilomm/horupomr) 

Operation and mdntonanco costs b.ud on TI manhoun ot labor por month @ -/hour. 

Annual GAC analysis costs for radioadvity tosting UI bamd on malyss befon and aftor rach unit is in wrviw at 5225 per 

1 

2 

3 

4 

I 
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through an in-line static mixer before entering the bottom of the oxidation chamber. The water then flows 

through the reaction chamber, passing the UV lamps, before it exits the top of the oxidation chamber. e 

The W/peroxide system is capable of removing VOCs from the surface water to levels below the 

ARARs. A technology evaluation of a demonstration unit was conducted by the EPA's RIsk Reduction 

Laboratory in Cincinnati, Ohio (EPA, 199Oa). Ground-water treatment experiments were performed in which 

residence time, ozone and hydrogen peroxide dosages, radiation intensity and influent pH were altered to 

evaluate the technology. The demonstration unit achieved VOC removals greater than 90 percent. These 

results indicate that the UV/peroxide treatment process is likely capable of achieving the effluent criteria for 

all of the volatile organics listed in Table 4-1. However, the volatile organics may not be completely oxidized 

to carbon dioxide, water, and chloride, and unintended organic degradation products may be produced. 

The system requires periodic UV lamp replacement and routine maintenance, and with such 

maintenance, the unit expected to have long-term reliability. The risk of failure of the system at any time is 

highly unlikely. However, because surface water is expected to have widely varying concentrations of 

organics,it will be difficult to ensure adequate peroxide dosage for complete organic destruction and to prevent 

the appearance of excess peroxide in the effluent. While the presence of ferrous iron and manganese can 

impede the effectiveness of the UV/peroxide treatment system due to the precipitation of these metals, a 

manufacturer has indicated that this will not be a problem at the iron and manganese concentrations expected. 

However, should precipttation problems arise, appropriate pretreatment and post-treatment will be 

implemented to correct this problem. 

The UV/peroxide oxidation system will destroy VOCs present in contaminated South Walnut Creek 

Basin surface water and thus represents an alternative to land disposal. The system itself will not produce 

treatment residuals. Some support unit operations (i.e., pretreatment) for the U V / p e d e  oxidation system, 

however, may require residual waste management. 0 
SURFACE WATER INTERIM REMEDIAL ACTION PLAN 
ROCKY FLATS PLANT. GOLDEN. cOLoRAD0 
eg&g:rwrw irNnU(\Uc4.mU 

Much lo81 
Palp 4-50 



During operation of the UV/peroxide oxidation treatment unit, the use of hydrogen peroxide, a strong 

oxidizer, will require that operators be aware of this potential hazard. The H202 bulk storage tank will be 

properly vented to assure no pressure buildup and minimize handling exposure. Existing DOE and EG&G 

health and safety guidelines at the RFP and project-specific SOPS regarding operator safety while working with 

strong oxidizers MI be followed. UV lamps operate utilizing high voltage, and thus caution must be used when 

working with the system and during the periodic replacement of the UV lamps. 

0 

The safety of nearby communities should not be adversely affected, and the risk of harm to the 

environment should not be increased as this treatment process will effectively destroy the contaminants. 

Treated water will be monitored to ensure contaminants are within regulatory guidelines before being released 

to the environment. 

UV/peroxide oxidation is a technology for the complete destruction and detoxificatlon of hazardous 

organic compounds in aqueous solutions. Although the technology is relatively new and has had limited 

application in the field, SARA requires €PA to prefer remedial actions that significantly and permanently reduce 

the toxicity, mobility, or volume d hazardow wastes by employing innovative technologies that result in the 

destruction or detoxification d the wastes. The equipment necessary to construct a UV Peroxide system is 

not 'off-the-shelp, but must be designed for each indMdual application. The equipment components and 

materials mcemafy to constmt a system are readily available, however. 
- .- 

Demonstrated performance of the UV/peroxide ground-water treatment system has been somewhat 

limited due to the relatively new development of the process. However, there are six UV/peroxide units 

currently operational or on-line and ready for operation. One of these units is located at Rocketdyne's 

Santa Susana faculty in southem Califomla. P i l o t - d e  operations were performed on ground water containing 

0 VOCs (TCA, TCE, etc.) at system flow rates of approximately 20 to 40 gpm. Results from the pilot scale testing 

were favorable, and a UV/peroxide ground-water treatment unit has been purchased, set up, and site tested. 



Another UV/peroxide ground-water treatment system, located locally, was visited and appeared to be a low- 

maintenance, highly effective ground-water treatment unit. This system was treating ground water with TCA 

concentrations significantly lower than those found at the 881 Hillside (approximately 7 ppb). However, the 

same UV treatment process had initially and effectively treated ground water with much hlgher concentrations. 

0 

Operating and maintenance requirements for the UV/peroxkie treatment system are relatively minor. 

The system will require up to 500 kW of power, a high electrical power consumption requirement relative to 

other treatment processes, and 12,200 pounds/year of 50 percent H,O, solution for normal operation. Routine 

maintenance of the equipment is required and the W lamps will require replacement approximately every six 

months. All four system UV lamps can be exchanged In about an hour. Influent pretreatment for suspended 

solids removal is required to prevent fouling of the oxidation chamber. Also, influent pre and post-treatment 

for removal of iron and manganese may be necessary as discussed above. The system will require carefur 

observation to ensure the system is operating properly, although system alarms will notiry operators tf a a problem does occur. 

Public acceptance of UV/peroxide oxidation should be favorable based on removal efficiencies 

observed to date. The attribute of mineralizing VOCs present in surface water (i.e., converting them to carbon 

dioxide and water) should also receive a favorable response. Treatability testing on contaminated South 

Walnut Creek Basin surface water may be necessary to win public approval since it is stUl a relatively new 

technology. 
- .- 

costs 

Assumed costs for the UV/peroxide ground-water treatment unit are shown in Table 4-1 1. Costs for 

pre and post-treatment of the Influent for reams discussed above are no4 considered in Table 4-1 1. The 

capital cost for the UV/peroxide surface water treatment system is approximately $672,800. Operational costs 

are $214,600 per year and include procurement of hydrogen peroxide, power utilization, labor, and lamp 0 



TABLE 4-11 

ASSUMED COSTS FOR UV PEROXIDE OXlDATlON 
TREATMENT SYSTEM 

capital Cost Annual Cost 
0 AQQ!!mL 

A. EQUIPMENT 

1 UV Peroxide oxidation Treatment Untt 

2 Trailers 

B. OPERATING AND MAINTENANCE COSTS’ 

2Hydrogen Peroxide 
%wer  
‘Lamp Replacement 
50peratkm and Maintenance 

420,000 

~ , M x )  

6,400 
102,200 

9,000 
61.200 

SUBTOTAL 464,Ooo 

C. ENGINEERING AND CONTINGENCY 

Design at 20% of Total Capital Cost 92,800 
Construction Management at 5% of Total Capttal Cost 23,200 
Contingency at 20% 92.800 

TOTAL 672,800 

PRESENT WORTH 

Present Worth Factor (PWF) = 
$214,600/year x 9.427 = $2,022,700 
199ocapitalcost = 672.800 

$2,695,500 

9.427 (30 years, 1O%i for annual costs) 

1 
Operating 00- based upon I flowrate of 60 gpm, 8 hr/d. 

S0.52/lb x 12,200 Ib/yr 

500 KW 8 hr/d @ $0.07/KWh 

2 times/pu 

85 houn per month Q S60/hour 

2 

3 

4 

5 

178,800 

35.800 

214,600 

Much 1081 
Pa@. 4-53 



replacement. Operational costs are based on a system flow rate of 60 gpm, 24 hours per day. Assuming a 

10 percent interest rate and a 30 year operating life, the present worth of the system is $2,695,500. 

4.4.3.3 Air Stripping with Off-Gas Treatment 

During air stripping, VOCs are traMfened from the water to a continuously flowing airstream which is 

in direct contact with the water (Figure 4-10). Influent contaminated surface water will enter the top of a 32- 

inch diameter, &foot air stripping cdumn and subsequently contact dean air supplied through the bottom 

of tho column (column sizes are approximate). Appropriate air-to-water flow rates WWI be utillzed to provide 

for the optimum (BQ+ percent) transfer of the contaminants from the surface water to the air stream. The 

treated surface water will then be pumped through a 2OOO-pound liquid phase carbon treatment polishing unit 
c 

(identical to the one described in Section 4.4.3.1). The air stripper emissions will be heated above dew point 

and then passed through a vapor phase carbon system to remove the organics before being released to the 

environment. The vapor phase carbon unit will contain 2,000 pounds of carbon. 

The use of an air stripper is a highly effective method of removing hazardous VOCs from water. The 

efficiency of the is well documented. The Environmental Protection Agency (Federal Register, 

Vd. 52, No. 130, page 25698) has designated packed tower aeration along with granular activated carbon, as 

a BDAT for the TemovB( of VOCs from drinking water. 

An air stripper coupled with liquid- and vapor-phase carbon adsorption is a proven system that has a 

dependable record of use. It is expected that this treatment process, with proper maintenance, will provide 

the desired level of contaminant removal to meet the ARARs. 
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The system is sized for the intended maximum flow of 60 gpm and indudes two vapor-phase carbon 

units - one installed and one stock. The on-site stock unit adds to system reliability. All appropriate safety 

measures required when moving and installing large equipment will be complied with during installation. The 

operation and maintenance of the system will be performed by personnel properly trained in the handling of 

hazardous and radioactive wastea. Wet activated carbon preferentially removes oxygen from the air. 

Therefore, any time personnel are working in confined areas where oxygen may be depleted, appropriate 

sampllng and work procedures for potentially low-oxygen spaces will be fdiowed, including all applicable 

federal and state requirements. 

The operators of the system will not be exposed to VOC-laden carbon from the vapor-phase or liquid- 

phase carbon units because the use of containerized and transportable carbon contacton allows rem& and 

regeneratlon/replacement of the exhausted carbon at a remote carbon reactivation site. Carbon will not be 

handled at the site. Transporting the entire exhausted carbon cdumn itself to the regeneration facility ensures 

operators are protected from the carbon itself and need only follow routine safety procedures when handling 

heavy equipment. 
a 

The exhausted carbon is generally regenerated through a thermal treetment process which strips the 

VOCs from the carbon. The organics are subsequently destroyed via incineration. During this regeneration 

process, a small quantity d ash may be generated which requires disposal at a landfill. Thus, this process can 

be considered an alternative to land disposal dnce the carbon is continuously recycled. However, If the spent 

liquid-phase carborr b determined to be a mixed waste, then it would require land disposal at a facility 

permitted to acmp mixed wastes. The vapor-phase carbon adsorption system will r e m e  the organics from 

the air stripper emigsions before belng released to the environment. Therefore, the vapor-phase carbon 

adsoption system will eliminate the impact of any air stripper emissions on the public health. The safety of 

nearby communities should not be adversely affected and the risk of harm to the environment should not be 

increased. Treated water and air will be monitored to ensure that contaminant levels are below ARARs. 

- .- 



The air Stripper WYI remove greater than 99 percent of the contaminants in the surface water. Because 

the air stripper performance is sensitive to changes in flow and contaminant concentrations, a liquid-phase 

carbon adsorption unit is in series with the air stripper to enhance system perfonnance and to ensure that the 

treated effluent meets ARARs for VOCs. Based on a flow rate of 60 gpm, 24 hows per day, liquid phase 

carbon usage will be approximately 1 1 pounds/day, and each 2OOO-pound carbon unit will require replacement 

approximately wery six months. Vapor phase carbon usage wili be approximately 10 pounds/day, and each 

2OOO-pound carbon unit will require replacement approximately every six months. 

Operation of the treetment process is relatively simple, requiring occaskd deaning of the air stripping 

column and replacement of cerbon. The air stripper will require cleaning to remove scale buildup on the 

packing material in order to maintain optimum removal efficiency. €fluent from the cleaning operation will 

require treatment in the Building 374 Process Waste Treatment System. The removal of suspended solids in 

a pretreatment step is required to prevent fouling of the carbon and liquid phase adsorber. Transportation and 

regeneration of the liquid-phase and vapor-phase carbon units at a remde carbon reacthration site will be 

required. The air stripping with offgas treatment system for remediating VOGcontaminated surface water is 

available commercially and could be implemented quickly. No difficulties are anticipated during the installation 

and startup of this treatment system. 

@ 

- .- 
Air strippino with liquid and vapar-phase GAC adsorption should receive a high degree of public 

acceptance due to Its proven track record and dassification as a BOAT. 

costs 

Assumed costs for the air stripping ground-water treatment system are shown kr Table 4-12. Costs for 

pretreatment of the influent for removal of suspended solids are not considered in Table 4-12. The total capital @ 
cost for the system is $1 14,800. Operational costs are approximately $139,900 and indude the cost of carbon 



TABLE 4-12 

ltem 

ASSUMED COSTS FOR AIR STRIPPING Wrrn 
VAPOR AND UOUlD PHASE GRANULAR ACTIVATED CARBON 

A. EQUIPMENT 

1 Air SMpper Column 

2 Trailer 

1 Preheater 

B. OPERATING AND MAINTENANCE COSTS' 

*GAC service 
'Shipping 
'Power 
'Operation and hintenance 
'GAC Analysis 

35,000 

44,OOO 

3,000 

38,100 
15,ooo 
1,200 

61,200 
1.100 

SUBTOTAL w2,Ooo $1 16,600 

C. ENGINEERING AND CONTINGENCY 

Design at 15% of Total Capital Cost 

contingency at 20% 16.400 23.300 

12,300 
ConstructionMenagementat5%ofTotalCapitalCost 4,100 

TOTAL 114,800 139,900 

PRESENT WORTH 

PresentWor t t rFactor~  = 9.427 (30 years, 10%1 for annual costs) 
$139,90Omr x 9.427 = $1,318,800 
199ocap&lcost = 114.soQ 

$1,433,600 

Much \Wl 
P.g. 4-58 



SECTION 5 

COMPARATIVE ANALYSIS 

5.1 JNTRODUCTlOy 

This section summarizes the evaluated surface water collection and treatment technologies, and 

presents a tabular comparison of the evaluation results (Table 5-1). A recommendatb is made for a preferred 

surface water IM/IRA using the comparative analysis. 

5.2 COMPARISON OF TECHN0LoL;IEIS 

Collection of surface water by diversion at the sources was established in Section 4 as the only 

reasonable alternative for cdlection of contaminated South Walnut Creek Basin surface waters in OU 2 and 

is, therefore, the preferred collection technique for the IM/IRA. On the other hand, several technologies for 

surface water treatment were considered. These techndogies Include chemical treatment/cross-flow 

membrane filtration Ccross-flow membrane filtration' is used for brevity) and granular media filtration with 

polymer addition for suspended solids removal; cross-flow membrane filtration and ion exchange for 

radionuclide and metals removal; and GAC, UV/peroxide oxidation and air stripping with liquid- and vapor- 

0 

phase GAC for voc removal. 

The cmdow 6embrane fRtratlon techndogy is the preferred method for removal of radionuclides and 

metals because Y Is the most likely treatment technology that will remove these constituents from the South 

Walnut Creek Bash surface water and generate an effluent that Is protective of public health and the 

environment. This is a result d adsorption of radionuclides and metals on a ferric hydroxide floc as described 

in Section 4.4.2. It is noted that cross-flow membrane filtration and granular media filtration with polymer 

addition are both effective technologies for removal of suspended solids. However, because cross-flow 

membrane filtration is the preferred technology for radionuclide and metal removal, additional surface water @ 
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I) pretreatment for suspended solids removal is not required. Granular media filtration with pdymer addition is 

thus eliminated from consideration in the IM/IRA. At this time, Ion exchange cannot be considered a reliable 

technology for the removal of plutonium and americium because there Is no supporting data on its removal 

efflciency. Moreover, plutonium and americium will likely be colloidal in nature and less apt to readily exchange 

with ions on the resin surface. The cross-flow membrane fiitration system is also reliable, readily procurable, 

and easily installed. 

GAC is the treatment technology of choice for removal of VOCs. GAC is a proven technology that is 

reliable, easy to operate, and the most cost effective of the three technologies examined. This technology is 

not suitable for removal of vinyl chloride, methylene chloride, or acetone. However, as discussed in Section 

4, these constituents are not expected, in the influent to the treatment system, above their respective ARAR 

levels. In the event that the field-scale treatabdity study indicates that vinyl chloride, methylene chloridq or 

acetone are present at concentration levels not appropriate for liquid-phase GAC adsorption, modifications to 

or replacement of the liquid-phase GAC system will be considered at that time. Although UV/peroxide can 

oxidize all of these contarninants, effective operation is likely to be difficult with changing organic loadings from 

0 
a surface water system (Le., process control). In addltlon, UV/peroxide is substantlally more costly to install 

and operate than the other organic removal technologies. Air stripping is a viable VOC treatment technology 

for the South Walnut Creek Basin Surface Water IM/IRA. This process, however, is much more complex by 

design than llquid-phase GAC, which makes it more difficult to operate and has a higher probability of system 

downtime. Finally, the cost of air stripping with liquid and vapor-phase adsorption is roughly equal to that for 
- .c 

Ilquid-phase GAC. 

Radionuclides and metals MI be removed upstream of the GAC unit The GAC should, therefore, not 

become a mixed waste and will be suitable for regeneration at any facility that accepts spent carbon for 

regeneration. This will provide for the ultimate destruction of the contaminants consistent with guidance in the 

NCP, which requires consideration of remedial alternattves that include an alternative that removes or destroys a hatardous substances. 
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SECTION 6 

PROPOSED IM/IRA 

6.1 SUMMARY 

The preferred South Walnut Creek Basin Surface Water IM/IRA consists of the following components: 

1. Surface water collection by dlversion at the sources; and 

2. Treatment of surface water by chemical treatmentlcross-flow membrane filtration (‘cross-flow 
membrane filtration’ is used for brevity) followed by liquid-phase GAC treatment. 

6.1.1 surface Water Col 1- 
. 

Figure 4-3 shows the locations of the surface water diversion and cdlection systems proposed in this 

alternative. The collection systems are denoted CS-59, CS61, and CS-132. Collected surface water is 

automatically transferred to the treatment system by pipeline. 

* 
Flows at stations SW-56, SWa,  SW-101, and SW-133 will be collected at the downsteam station SW- 

61 by a new surface water diversion weir and pump station. The weir will serve to divert up to 37.5 gpm (14 

gpm average annual withdrawal rate) from the drainage. Contaminated surface water will be diverted upstream 

of the weir into a 1 goo-oallon precast concrete sump provided with a screen, where large debris is separated 

from the flow. fhh, screen will require manual cleaning to remove debris. Water will be pumped from the 

manhde to the trerdmerd facility. When the inflow into the sump exceeds the pumping rate, the excess flow 

will return through overflow piping to the drainage below the weir. 

The seep flow from SW-59 will be isolated from the South Walnut Creek drainage and collected 

separately from CS61 using a 5OO-gallon, precast concrete sump. The sump and installed pump will be 

designed to collect and transfer the design flow of 4.5 gpm (1 gpm average annual withdrawal rate). Flows 
a 



e in excess of 4.5 gpm will be discharged to South Walnut Creek, via an overflow pipe, to the drainage. The 

overflow will enter South Walnut Creek upgradient of CS61 and will either be collected by or allowed to pass 

CSB1, depending o(1 whether the creek flow is less than or greater than the 37.5 gpm design flow for CS-Gi . 

Upper South Walnut Creek flow will be collected at SW-132 by a new surface water diversion weir and pump 

station. The weir will serve to divert up to 18 gpm (5 gpm average annual withdrawal rate) from the drainage. 

Contaminated water will be diverted Into a 1000gallon precast concrete sump. Row In excess of the design 

flow (18 gpm) will be permitted to overflow the diversion weir. 

The design flow and annual average withdrawal rates for the South Walnut Creek drainage (i.e., CS-59, 

CS61, and CS-132) are 60 gpm and 20 gpm, respectively. It is proposed that all surface waters collected and 

treated in this IM/IRA will be discharged to South Walnut Creek, just downgradient of CS-132. 

. 
6.1.2 Surface Water Treatment 

The surface water collected will be treated using cross-flow membrane filtration (for suspended solids 

and radionuclide removal), followed by liquid-phase activated carbon (for organics removal) (Figure 6-1). The 

respective units and appurtenances will be housed in three @foot trailen, to protect weather- or temperature- 

sensitive components. Fire protection within the trailers will be pIovided by two wall-mounted, 25-pound, dry 

chemical-type fire extinguishers. The trailers and all treatment units are constructed of noncombustibles. 

Other than minimal Rles and records, no combustible materials will be maintained within the trailers. External 

water pipes WN be above ground and heat traced to protect against freezing. All tanks, piping and sumps will 

be equipped with secondary containment to comply with 6 CCR 1007-3 and 40 CFR 264.193. 

- c  

-. 
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Major components of  the treatment system include: 

Exterior to the Trailerg 

8 (1) 10,OOOgallon equalization tank 
8 piping 
8 associated pumps, gages, and valves 

Interior to Trailer 1 

8 main chemical reaction system 
8 solids dewatering system 

Interior to Trailer 2 

8 filtration system 
8 process instrumentation system 
8 neutralization system 

Interior to Trailer 9 

8 (2) 60-inch carbon units 
0 (2) 60-inch standby carbon units 

associated plastic (PVC) piping and valves 
- .- 

As the flaws from the different sources are expected to vary, the equalization tank will ensure a 

somewhat constant flow and loading through the treatment system. The treatment system is designed to run 

continuously at a maximum flow rate of 60 gpm. At peak flow, this tank will provide approximately three hours 

of  equalization detention time. The average annual influent flow rate, however, is estimated at approximately 

20 gpm. Surface water collected during periods of these lower influent flow rates will be allowed to accumulate 

in the equalization tank and then treated at the system design flow rates. * 



6.1.2.1 Susmnded Solids and Radionuclide Removal 

When the treatment is initiated, the water will be pumped from the surge tanks to Trailer 1, and 

subsequently to Trailer 2, which contain all equipment, tanks, pumpS, piping, valves, and instrumerrtation for 

cross-flow membrane filtration. The system consists of totally integrated, skidmnted and automatically 

controlled units for maximum reliability and minimum operator surveillance. The system Is dlvided into various 

systems as described below. 

Main Reaction Sate m 

Radionuclides and heavy metals will be precipitated and/or adsorbed from solution in the main 

reaction system. The reaction system will indude two 1200gallon tanks sized to ensure complete precipitation 

or adsorption of radionuclides prior to gravky flow to the fiitration system. Chemical metering pumps, 

controlled by pH or Oxidation Reduction Potential (ORP) monitor/controliers, will ensure that optimum reaction 

conditions are maintained automatically. The tank will be agttated with a heavy duty electric mber. The 

equipment provided in the main reaction system will be as follows: 

8 (2) 1200gallor1, RFP reaction tanks; 

8 (2) heavyduty mixer; 

8 (2) pH monitors/controllers; and 

8 (2) chemical metering pump(s). 

Ferric sulfate will be introduced to the first tank in a liquid solution. However, a system will be 

provided to dissolve the powdered chemical reagent, for controlled introduction into the main reaction section. 

In the powdered chemical make-up system, a covered tank will be periodically filled with water, and powdered 

ferric sulfate will be added manually in a prescribed amount. A mker will be provided to assure that the 

reagent is completely dissolved before It is delivered by a metering pump to the main reaction system. 



Lime will be added to the second tank as a slurry to raise the pH. The elevated pH will cause 

precipitation of the iron as ferric hydroxide and create conditions conducive to the adsorption of uranium and 

plutonium. The lime slurry will be prepared by filling a tank with water and then manually adding a prescribed 

quanttty of lime to the tank through a chute. The mixture will be well agltated with a heavyduty mker. The 

system wUl be provided with a dust control hood, filter, and fan. 

0 

The above peripheral equipment indudes: 

0 

0 (2) heavyduty, timnounted mkers; 

(2) 250gallon, heevyduty plastic tanks; 

0 (1) slurry recirculation pump and piping (lime); and 

level contrd switches and alarms, to be integrated electronically with the main system panel. 0 

The ferric hydroxide and suspended solids in the reaction section are removed from the water and 

concentrated in the filtration system. 

The main components of the filtration system are: 

e (1) 3000-gallon, Fiberglassdeinforced Plastic (FRP) concentration tank; 

0 (2) WHP, 700-GPM recirculation pump; 

(28) cross-flow membrane filtration modules; and 

(1) piped-in-place membrane deaning system. 

0 

0 
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The concentration tank will be made of fiberglass reinforced epoxy equipped with appropriate baffles 

and liquid level controls. The recirculation pump will be stainless steel for corrosion resistance and rated at 

100 feet of head. The pump will be provided wlth water-flushed double mechanical seals. 

The treated water will be filtered through tubular (1" diameter) filtration membranes made of 

fluorocarbon polymer, and arranged in trains d 10-tube modules piped in series, supported on accessible 

horizontal racks. Each module will be &feet long and 7-Inches In diameter, with a separate outlet for clean 

effluent. A flow indicating and totalizing meter will be provided on the effluent line. Manifolds will be provided 

to collect the effluent and direct it by gravky to the neutralization system. The metal/radionuclide suspension 

will be concentrated to a 2 to 5 percent slurry In the concentration tank, from which it will be periodically 

pumped to the slurry holding tank and filter press in the slurry dewatering system. The slurry removal rate will 

be adjusted manually to maintain the desired solids concentration in the filtration section. All piping and valves 

in contact with the water being treated will be heavyduty, corrosion-resistant plastic. 

Neutralization Svste m 

A skid-mounted neutralization system will be provided to adjust the effluent pH to the conditions 

required for discharge or recycle. The neutralization system will be sized to receive and treat the effluent from 

the membrane filters. The neutralized effluent will leave the system by gravity. The equipment and 

components of the neutralization system are as follows: 
- .L 

\ 

0 

0 (1) heavyduty rim-mounted mixer; 

(1) 15oogallon, heavyduty plastic tank 

0 (1) metering pump for acid; and 
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0 (1) separate control panel containing: 

1 pH monitor/controller 

1 pH recorder 

pH out&-specification alarm 

electrical switches and contacton. 

Process Instrumentat Ion Svstem 

A central control panel with a National Electrical Manufacturer's Association (NEMA) 4 rating will be 

provided to house all controls, electrical switches and disconnects, and motor starters. The main items will 

include the following: 

0 pH and ORP monitor/controllers/alarms; 

0 

0 

0 Seal water alarms; 

0 Level controls and alarms; and 

0 Effluent flow lndlcator/totalizer. 

Indicator lights, switches and alarms for major components: 

Motor starters and circuit breakers for all pumps; 

All wiring and controls will meet applicable national electrical codes. 
- _L 

The solids dewatering system will include a 4cubic-foot filter press using an air-operated slurry feed 

pump to feed concentrated waste slurry from the concentration tank to the fdter press. The filter press will 

dewater the solid to 35 to 50 percent solids. Based on the preliminary sizing, it is expected that the press will 

be emptied once every five days. The filtrate produced by the filter press will also be directed back to the 0 



concentration tank or the feed sump for reprocessing. The filter press sludge cake is collected safely and with 

minimal worker exposure. An air blowdown system automatically removes the sludge cake from the press. 

The cake then falls through sludge cake chutes mounted under the filter press (elevated) and into drums. 

Sheeting will be placed around the transfer equipment and drums for splash protection. 

6.1.2.2 Organic Contaminant Removal 

Organic contaminant removal by GAC is a considerably simpler process. After cross-flow membrane 

filtration, the surface water will be pumped through two GAC columns in series, operated in downflow fixed-bed 

mode (Figure 6-1). Two additlord GAC columns will be in stock. Each carbon column is 60 inches in 

diameter and 87 Inches high and contains 2000 pounds of carbon. Based on a flow rate of 60 gpm, the 

hydraulic loading to each column will be approximately 3 gpm/f?. Empty bed contact time for each column 

will be approximately 18 minutes. The columns are of stainless steel construction and will be interconnected 

by flexible pipe with 2-inch camlock hose connections. Once the column is drained of water, the unit is a 

shipping container for returning the carbon for regeneration. 
@ 

6.1.2.3 Effluent Discharge 

Following treatment, the water will continuously discharge to South Walnut Creek just downgradient 

of CS-134. Samples wUI be collected and analyzed twice per week. In the unlikely event of off-specification 

processing 6 treatment process failure, the treatment system discharge will at most return the drainage to its 
- .- 

pre-IM/IRA condttbn. In addition, detention, treatment, and monitoring at Pond 6-5 provides a dQwngradient 

safeguard. 
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6.2 OPFRATlON A ND MAINEN ANCE 

6.2.1 Surface Water Cdlectlon 

The collection systems are relatively maintenance free. Manholes, sumps, and backwater pools will 

require periodic deaning to remove accumulated solids. Pumps will also require routine inspection and 

maintenance. - 

6.2.2 Cross-Row Membrane Filtratio n 

The cross-ffow membrane filtration system's instrumentation and controls will monitor and automatically 

adjust chemical feed rates. System level switches will automatically operate the feed and process pumps to 

allow for the continuous flow of surface water through the system. Interlocks and alarms will automatically shut 

down the system If critlcal components are operating outside the design limits. Therefore, the system will be 

capable of processing surface water with only minimal operator attention. However, operator attention required 

for the system, estimated at less than two hours per shift, wUI indude these tasks: 

1. Maintaining appropriate d i d s  concentration in the concentration tank by adjusting the amount 
of waste slurry feed to the dewatering section; 

2. Replenishing chemicals as needed; 

3. 

4. 

Rorftine deanlng and calibration of pH or ORP probes; and 

Perkdically initiating the cleaning cycle and changing the cleaning solution. Typically, a 
cleaning cyde takes less than 1 hour and is carried out once every 40 to 80 hours of system 
-. 

The filtration system indudes a cleaning loop to provide for rapid convenient in-place cleaning of the 

membrane surface. This indudes two SOO-gallon polypropylene tanks, an all-plastic deaning pump (5 HP, 100 

gpm at 80 feet of head) and appropriate valves and piping so that the periodic cleaning procedure can be 

carried out conveniently and quickfy. Actual operating experience will determine the cleaning frequency 
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required for optimum performance of the system. During the deaning procedure, fresh water is used to Rush 

the waste slurry from the modules back to the comemation tank, and a deaning solution (usually a strong ' 
acid) is circulated through the modules with the deaning pump for a few minutes. Finally, the cleaning Soruth 

is Rushed from the modules with dean water. Provision is made to reprocess the deaning solution as part of 

the normal wste stream so that only dean fluent leaves the system. 

Operetion and maintenance of the GAC system is also W W d y  slmple. To completely utllbe the 

carbon, the columns will be arranged in series, allowing the lead odumn to become fully exhausted for 

subsequent regeneration while the second (polishing) column ensures effluent qualify. Periodic samples will 

be taken from the effluent of each unit, and when the lead unit effluent exceeds chemical-specific ARARs, the 

lead carbon column will be removed, the polishing (second) column will become the lead column, and a 

stock carbon column will be put in service as the polishing unit. This is expscted to occur every three weeks. 

The carbon column with the exhausted carbon wUI then be shipped to an off-site location for regenemtion. 

In addition to this IM/IRA Plan, EG&G will also be preparing the following documents: 

0 She Specific Health and Safety Plan (SSHSP) for construction and operation of the IM/IRA; 

0 Community Relations Plan (CRP); 

0 detalled design plans and specifications; 

0 detailed "as-buW drawings inrorporating all field changes to accurately reflect the constructed 
surface water collection and treatment system; and 

0 an Operation and Maintenance Manual (O&M) for the IM/IRA. 



The SSHSP and O&M Manual will be prepared after the IM/iRA design is finalized since these 

documents provide project-specific procedures for construction and operating activities. The CRP will be 

available for public comment on 30 January 1991 and will be implemented in August 1991. 

6.4 TREATABIUTV STUDIES 

A preferred surface water treatment system for the proposed IM/IRA has been selected in spite of 

several informational constraints. First, it is uncertain, although unlikely based on the available data, that 

methylene chloride, vinyl chloride, and acetone are present within South Walnut Creek Basin surface waters. 

Second, limited treatment technology perfonnance data currently exist for removal of plutonium and americium 

from natural waters. This is particularly true in the case d ion exchange. Finally, the physical state of 

plutonium and americium (Le., dissolved vs. colloidal) in surface waters is not completely understood, nor have 

the radionuclides that contribute to the gross alpha and beta activity been defined. The selected treatment 

system is the logical choice given the available surface water qual@ data, literature information regarding 

plutonium and americium chemistry and treatment processes for their removal, and best engineering 

judgement. 

@ 

However, treatablity studies are appropriate to confirm the selection of the preferred treatment system 

or to provide the basis for selection of an alternative system should the preferred system be judged to not 

perform adequately. 
- .- 

The DOE wo1 conduct bench- and W-scale treatability studies to determine the effectiveness of cross- 

flow membrane filtration, GAC, ion exchange and other technologies in treating South Walnut Creek Basin 

surface waters. Objectives of the bench-scale study indude determination of applicability of the treatment 

technology, quantification of major operating parameters, evaluation of performance relative to meeting 

chemical-specific ARARs and reevaluation of capital and operating costs. GAC will be tested using a field 

treatment unit which will be deployed in the northwest portion of the East Trenches Areas for treatment of a 
Much 1681 
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surface water from stations SW-59, SW41, and SW-132. The initial operational unit of the field unit is expected 

to be installed and started up In the Spring 1991. Because this first unit (the GAC system) will be used 

primarily to demonatrate organic contaminant removal efficiencies, it will not be expected to attain chemical- 

0 

specific ARARs for metals and radionudldes by itself. Additional units will be added over a several month 

period to evaluate metals and radionudides removal. Operation of this field-scale facility will include testing 

and modification d the original equipment as well as the addition of support equipment and/or alternative 

treatment elements. A summary report of the treatability study findings will be submitted to the regulatory 

agencies upon completion of the program. The results of these tests and the bench-scale treatability studies 

may indicate that it is not practicable to attain all ARARs for the Surface Water IM/IRA. Final performance 

requirements for the IM/IRA will require approval by the regulatory agencies. 
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SECTION 7 

ENVIRONMENTAL EFFECTS OF THE PROPOSED INTERIM REMEDIAL ACTION 

The proposed surface water IM/IRA, and potential subsequent environmental and human health effects 

resulting from this action, are evaluated in this chapter. Environmental impacts to air quality, water quality, 

terrestrial features (induding wildlife and wetlands), archaedogy and historic sites, and short- and long-term 

land productivity are discussed In Sections 7.1,7.2,7.3,7.4 and 7.5, respectively. Human health exposure risks 

from installation, routine operations, and accidents are analyzed in detail in Sections 7.6 and 7.7. These 

analyses evaluate the risks to workers invoked in the IM/IRA, to other RFP site employees, and to the general 

public. The commitment of resources (material/human), transportation impacts and cumulative impacts are 

discussed in Sections 7.8 through 7.10. 

7.1 AIR QUALITY 

There are three potential air quality impacts associated with the proposed OU 2 IM/IRA to selectively 

collect and treat surface water within the South Walnut Creek Basin OU 2 from surface seeps and surface water 

monitoring stations. These are: 

1. Potential VOCs released from exposed contaminated liquids during construction activities (i.e., 
sump installation, trench excavation) or at surface water cdlection, storage, and treatment 
locations, as part of normal operations or accident conditions. 

Fugitive dusts and fossil fuel consumption related exhausts resulting from activities such as 
excavation, construction, operations, maintenance, and monitoring. 

- .c 

2. 

3. Water treatment process off-gassing released to the environment as part of normal operations 
or accident conditions. 

Air quality impacts from VOCs released during construction activiiles (e.g., excavation) will be minimal 

when compared to the normal operational activii at the Rocky flats Plant. The "Phase II RFI/RIFS Workplan" 

for OU 2 shows VOCs have been detected in the South Walnut Creek Basin soils and include acetone (up to 

500 ppb), and bis(2-ethylhexyl) phthalate (4,600 ppb) (EG&G, 1990a). Table A-10 in Appendix A presents the 

0 
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a test results for VOCs compiled as part of this report. Due to their isdated occurrence, and the limited amount 

of excavation planned, the amount of VOCs released during this construction activity are not likely to cause 

measurable changes In the ambient air quality. Based on sample analyses to date, VOC concentrations in soils 

at South Walnut Creek are insignificant. Consequently, normal construction activities and excavation for sump 

installation, buried pipeline/utilities and preparation of the pad area for the treatment system may not release 

VOCs to the atmosphere. Preliminary characterization, based on the Phase I RI Report, indicates the presence 

of elevated concentrations of semi-vdatile organic chemicals (phthalates) in the soil. Any airborne releases 

of semi-vdatile organic chemicals will be from fugitive dusts associated with construction activities and will be 

controlled as discussed below. 

Dust associated with construction and operational activiiies will be controlled as specified in the 

Environmental Restoration's Health and Safety Program Plan (ERHSPP). The ERHSPP addresses the miniwm 

health and safety requirements for outside contractors as dictated by the ER Department and the Health Safety 

(HS) Department. The ERHSPP is in final form and is currently undergoing a final review by EPA and CDH. 

The ERHSPP outlines the requirements for a project-specific or Site Specific Health and Safety Plan (SSHSP) 

that identifies construction tasks, potential hazards, and the steps to control hazards. The SSHSP will be 

prepared in accordance with guidelines set forth in the ERHSPP, and will be completed after the IM/IRA design 

is finalized since this Plan provides procedures for specific IM/IRA construction and operating activiiies. The 

SSHSP must be approved by the ER and HS Departments, and will be reviewed by EPA and CDH. 

- .- 
Upon approval of the SSHSP, the outside contractor is briefed and assigned an RFP construction 

engineer. This engineer is responsible for construction management and implementation of the SSHSP by the 

contractor. The HS Department will then issue a renewable one-week permit, conditional on the workers being 

briefed and understanding the health and safety concerns of the construction effort. The construction is 

monitored by the HS Department for contractor adherence to the SSHSP. 
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In addition to these requirements, the ER Department has developed wind speed and dust control shut- 

down limits as guidelines for the 881 Hillside IM/IRA. Similar project document guidelines will also be required 

for construction of the South Walnut Creek Basin IM/IRA at OU 2. 

Dermal exposure, inhalation, and inadvertent ingestion of airborne radioactivity and VOCs on fugitive 

dusts is analyzed in Section 7.6, 'Personnel Exposure-Routine Operations.. Pollution from engine emissions, 

fugitive dust generation by vehicles and particulates from tire wear are analyzed separately in Section 7.9, 

"Transportation Impacts". 

Collected contaminated surface water will be processed through the proposed cross-flow membrane 

filtration system and activated carbon system facility. Due to the low VOC concentrations in the surface water, 

the proposed treatment system will not produce measurable VOC emissions: therefore, no changes in the 

levels of these gases in the ambient air off site is expected. The need for periodic membrane cleaning will 

require the use of a small amount of sodium hypochlorite (NaOHCI). This could occur once every 2 to 4 weeks 

and will not impact off-site air quality. 
@ 

The cross-flow membrane filtration system incorporated into the water treatment system to remove 

suspended solids, dissolved metals, and radionuclides may not contribute to emissions during normal 

operations or back flushing operations. Mixing of chemicals for water pretreatment or strong acids or bases 

used for hardware cleaning operations may contribute to odors within the confines of the water treatment 

trailers and shoukl be controlled by adequate ventilation. These odors will not be noticeable from outside the 
- _L 

treatment facility area, nor will they be a hazard to workers in the trailers under normal circumstances. Spills 

of chemicals that might be involved in accident conditions will be administratively controlled by actions 

specified in the Operational Safety Analysis (OSA). 

The OSA addresses health and safety concerns originating from routine site operations. It is similar 

to the SSHSP in that health, safety, and environmental hazards are identified and evaluated for control. This 0 
Mucn 1991 
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analysis is also reviewed by and must be approved by the HS Department. Training is required prior to 

operation with oversight and monitoring by the HS Department. 
0 

Operation and maintenance of the GAC system are simpler than for the cross-flow membrane filtration 

system. The GAC columns, containing exhausted carbon, will be shipped to an off-site location for 

regeneration. Spills of liquids associated with the operation of the GAC cdumns will be limited to the effluent 

exiting the cross-flow membrane filtration system, which will have removed many of the constituents of 

concern. The effluent water from the membrane filtration treatment system may contain some amount of 

VOCs. Effluent concentration requirements are contained in Table 4-1, Basis for Design of Surface Water 

Treatment. 

7.2 WATER QUALITY 

The proposed IM/IRA will reduce the contaminant loading to South Walnut Creek. Surface water runoff 

entering excavated areas and exceeding the design capacities of the system may create soil entrainment 

(sediment transport) by surface runoff ending in open waters on site. The amount of water exceeding the 

design capacity of the collection system should be minimal. 

Some excavation will occur in soils that are expected to have measurable levels of semi-volatile organic 

chemicals, primarily phthalates. Because phthalates adsorb onto the soil partides and thus are not transferred 

from soil to water In measurable quantities, surface water runoff should not cause a water quality concern as 

long as erosion control measures are applied to all soils excavated during remedial action. The IM/IRA 

construction specifications will Indude post-excavation erosion control measures. Techniques may include, 

but not be limited to fiber composite nets, grouted riprock, hydromulching, and seeding. 

- .- 

South Walnut Creek Basin soils within OU 2 are contaminated with plutonium and americium (Rockwell 

International, 1989a). Prior to construction work for the surface water contamination cleanup, surveys will be 



performed to detect any presence of elevated radioactive contamination. Elevated radioactive Contamination 

will be handled in accordance with the SSHSP procedures. 

For the cross-flow membrane filtration system, the greatest potential for negative water quality impacts 

results from chemicals invoked in the pretreatment of the waste stream and concentrated acids or bases 

utilized periodically for descaling of equipment. Handling of the concentrated cleaning chemicals will be 

governed by an OSA, as will the precautions for handling the dewatered solids generated in the water treatment 

process. 

Dewatered solids will be handled as a low-level mixed waste. This will require solidification at an 

existing RFP facility to meet the transportation and disposal requirements. The solidified waste will be disposed 

of at the Nevada Test Site or similar facillty after it is sampled and analyzed to determine compliance with 

recently promulgated RCRA land ban restrictions. 

The volume of waste will not be a major addition to those wastes already processed at the RFP. The 

collection, transport, and treatment of the dewatered solids will be in accordance with standard Plant operating 

procedures and does not present a significant hazard to on-site or off-site water quality. 

The GAC adsorption system will provide even less prospects for negative impact to water quality on 

site than the cross-flow membrane filtration system. The carbon columns will be fully self-contained and hold 

approximately 2,000 pounds of carbon. The units are shipped to an off-site location for regeneration. 

Approximately one gallon of water per 3 to 4 pounds of carbon (SO0 gallons) could be spilled during unit 

changeout of the carbon column. This possibility is mitigated by the use of secondary containment which 

captures all of the potentially spilled water. The net effect Is that there will be no spill during carbon column 

changeout. Procedures will be established for the safe changeout of the exhausted GAC columns. The 

transport of the exhausted GAC columns will be in accordance with standard Plant and project-specific 

operating procedures and presents a negligible hazard to on-site or off-site water quality. 

- .- 
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7.3 TERRESTRIAL IMPACTS 

Terrestrial environment features that may be negatively impacted by the proposed IM/IRA include 

animal life, plant life, and land forms (including wetlands). These negative impacts are expected to be minimal, 

because of the disturbance to the areas of concern caused by the Plant's construction and operation during 

the past 37 years. These past disturbances have left the 903 Pad with an asphalt pad cap and the East 

Trenches Area has surface evidence of burial trenches. The effects of the IM/IRA will not significantly impact 

the alreadydisturbed areas. Numerous species of animal and plant life have been identified at the RFP. No 

animals are classifled as rare or endangered (DOE, 1980). 

Rocky flats flora have been identified through an on-site inventory by Dr. W.A. Weber, et. al., (Weber, 

1974), from the University of Colorado. The inventory revealed 327 species of vascular plants, 25 lichens, 16 

bryophytes, and one macroscopic green algae. None are threatened or endangered. 

The proposed site for the treatment facility trailers is In the northwest section of the East Trenches Area, 

north of IHSS-110. Leveling, either by the addition of clean fill material or grading, will cause minimal adverse 

impact to the area. Construction activities could be potentially locally destructive to the vegetation and ground- 

dwelling rodents, reptiles and invertebrates, but this impact Is expected to be minimal. None of the potentially 

affected vertebrates, invertebrates or vegetation in the disturbed areas are threatened or endangered. No 

critical habitats are known in the study area. The proposed IM/IRA will have minimal negative impact to South 

Walnut Creek. 
- .- 

Two surface water collection points (SW-59 and SW-61) that feed South Walnut Creek were observed 

in April 1990. flows were recorded at 37.3 GPM for SW-61 and at 4.5 GPM for SW-59. A third surface water 

collection point, designated as SW-132, is expected to produce 18 GPM. Diversion of water from SW-59, SW-Sl 

and SW-132, processing the water through the proposed treatment plant, and re-introducing the water just 

downgradient of SW-132 should have no impact on the water resources management of South Walnut Creek. 0 
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The proposed IM/IRA is not expected to have an adverse effect on linear wetlands. In 1989, EG&G 

authorized the preparation of a wetlands assessment for the entire Rocky Flats Plant site (EG&G, 1990b). This 

report identified 107 acres of areal wetlands and 84,970 feet of linear wetlands within the Rocky nats Plant site. 

South Walnut Creek is identified as one of six ephemeral streams traversing the property and is considered 

relatively important as part of the site drainage system. The proposed action, as it impacts wetlands, will not 

be discernible from current stream management. 

No wetlands impact is expected from treating water prior to reintroduction into South Walnut Creek. 

The proposed action calls for withdrawal of up to 37.5 gpm of contaminated surface water from station SW41, 

4.5 gpm from SW-59, and 18 gpm from SW-132. Water from these collection points will be diverted into 

properly sued sumps and piped to a treatment plant equalization tank to provide the treatment plant with a 

constant feedstock. Water from the treatment plant will be reintroduced into South Walnut Creek immedh~ely 

downstream of CS-132. Water dtverted from the sources would be removed from the surface water system 

for no more than 3 4  hours at 60 GPM and for no more than 48 hours at very low flows. I) 
As mentioned earlier, treated water from the treatment system will be discharged into South Walnut 

Creek, just downgradient of CSSl (the surface water collection system of SWSl). The South Walnut Creek 

basin contains a series of five onchannel reservoirs. The last pond in the series, Pond 8-5, discharges directly 

into South Walnut Creek. Water volume is managed by these ponds and is discharged directly to South 

Walnut Creek In accordance with the Plant’s NPDES Permit. Discharged water follows the South Walnut Creek 

drainage north to the natural Walnut Creek drainage. Surface water flow in Walnut Creek near the property 

boundary is currently being diverted around Great Western Reservoir, which is a drinking water source for the 

City of Broomfield, and is then returned to the natural drainage channel. Due to the ephemeral nature of South 

Walnut Creek, no impact to wetlands is anticipated as a result of the proposed action to treat surface water. 

Although no long-term impact to wetlands is anticipated, it is possible that construction activities could 

adversely affect a few wetlands plants during ditch modifications or sump installation. Replacement of any 0 
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destroyed wetland plants will follow the completion of construction, resulting in no net impact to wetlands at 

the RFP. 

7.4 ARCHAEOLOG Y AND HISTORIC SITES 

The 903 Pad, Mound and East Trenches Areas have been highly disturbed over a number of years. 

Due to this disturbance and the topographic position of the subject area, the State Office of Archaeology and 

Historic Preservation has determined that this action will not impact cultural resources (Burney, 1989). 

An archaeological and historical survey of the RFP was conducted between July 18 and August 22, 

1988, which determined two sites have potential eligibility to the National Register of Historic Places. However, 

insufficient information currently exists to make this determination. These two sites are located northwest and 

southwest of the investigation area, and will not be disturbed by the proposed action (Burney, 1989). 

7.5 SHO RT- AND LONG-TERM LAND PRODUCTIVITY 

Land within OU 2 is currently undeveloped and will remain so for the foreseeable future as part of the 

Rocky Flats Plant. OU 2 lies within the Rocky Flats Plant security boundaries and is not accessible to the 

general public. 

7.6 PERSONNU EXPOSURES - ANALYSIS METHODOLOG Y 

The effects of personnel exposures to hazardous chemicals have been estimated in terms of increased 

risks of either developing cancer (carcinogenic risk) or some other adverse health effect due to the exposure 

(noncarctnogenk risk). Analyses were done separately for those directly involved in remedial actions (workers), 

other RFP personnel not directly invoked in remedial actions (site employees), and off-site individuals (general 

public). Detailed risk assessment calculations are provided in Appendix G. @ 
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Airborne contaminant concentrations at the receptor (site employees, general public) locations were 

estimated using the Gaussian Plume Equation of Pasquill as modified by Gifford (1961) for ground-level 

concentrations at the centerline of the plume. Assuming a ground-levd release, the equation becomes: 

x/O = (x ay a, u).' 

Where: 
x = air concentration, mg/m3 or ci/m3 
0 = emission rate, mg/sec or ci/sec 
U = wind speed, m/sec 
aY = horizontal dispersion coefficient, m 
0, = vertical dispersion coefficient, m 

The dispersion coefficient value is a function of the downwind distance, whether the contaminant 

emission is a long-term (construction, operation) or a short-term (accident source), and the prevailing 

meteorological conditions (Pasquill Stability Class). Long-term dispersion coefficients were calculated using 

Briggs formulas for open country conditions (Gifford, 1976), Pasquill Stability Class D (prevalent conditionber 

RFP EIS), and average annual downwind directional frequencies. Short-term dispersion coefficients were 

calculated using formulas developed by Slade (1968), Pasquill Stability Class F, and no wind directional 

averaging. 

0 

The toxicity assessment (intake and risk) for carcinogenic and noncarcinogenic effects of chemicals 

was performed in accordance with the EPAs Risk Assessment Guidance for Superfund Sites (EPA, 1989) 

EPAs Integrated Risk Information System (IRIS) was utilized as the primary source for toxicity information 

(RFDs and slope factors). €PAS Health Effects Assessment Summary Tables for the fourth quarter of FY 1990 

(EPA, 1990b) were used as a secondary source of information. For organic chemicals, inhalation toxicity 

values (RFDs, slope factors) were estimated using the oral pathway values in those instances where inhalation 

values were not available. It would be expected that the toxicity values for both pathways would be similar 

due to similar absorption efficiencies for organic materials. 

Estimates of carcinogenic risks were calculated for each of the organic chemicals identifled in Table 4-1, 

and the individual risks summed for a total carcinogenic risk. The carcinogenic risks are considered to be 



cumulative for the entire period of exposure and the calculations yield an estimate for the lifetime increased 

risk of cancer. 
e 

Noncarcinogenic risks are considered Wreshdd' events. That is, no effect is observed below a given 

exposure. The potential for increased health effects are expressed in terms of the non-cancer hazard quotient, 

which equals the exposure level dMded by the reference dose (noncarcinogenic toxicity value). The EPA 

methodology assumes that a quotient value of less than one is unlikely to result in adverse health effects, even 

for sensitive population groups. Generally, the greater the quotient value above unity, the greater the level of 

concern. Chronic or subchronic reference dose values were utilized in the non-cancer hazard quotient 

calculation, depending on the potential duration of the exposure. 

Exposures to site employees and members of the general public were analyzed based on a single, 

hypothetical individual for each exposure category. Site employees were assumed to be assigned, eight hours 

a day for the duration of the release, to whatever building would receive the greatest average airborne 

exposure. For the proposed action, the nearest occupied locations resulting in the greatest exposure to other 

site personnel indude Building 988,995, and the Gate 9 guard post (inner guard post on east access road). 

The analysis of the impact to the general public assumed a single individual would remain at the point of 

highest exposure (due east at Plant boundary) accessible to the general public for each pathway, twenty-four 

hours per day, for the entire duration of the release. These calculations provide an upper bound for the 

increased risks to an indhhdual from each of these groups. During the remedial action, it is unlikely that any 

worker, site employee, or member of the general public would exceed or even approach the risks estimated 
- .- 

for their respedhre group. 

In calculations of the estimated increased risks to members of the general public from hazardous 

chemicals, the impacts on infants and young chldren were calculated separately from those on adult members 

of the population. Infants and young children differ from adults in the rate of uptake of the hazardous 

chemicals and in body weight. Both of these factors influence the calculations of increased risk. To assess 

noncarcinogenic risks, non-cancer hazard quotients were estimated for both children and adults. The numbers 
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quoted in the text of this document are those for the group with the greatest increased risk or concern. 

Carcinogenic risks to a member of the general public were estimated assuming exposure for the entire length 

of the release, which was conservatively assumed to be thirty years. Two exposure categories were 

considered: 1) the member of the public is already an adult when the project starts; and 2) the individual 

is assumed to be a child for the first We years of remedial action and an adult for the remaining 25 years. The 

numbers in the report represent whichever analysis yielded the highest increased risk of cancer. 

The intake of radioactive materials has been assessed by calculating total intake by individuals and 

converting that to Committed Effective Dose Equivalent (CEDE) using the exposure-todose conversion factors 

for inhalation (Table 2.1 of EPA, 1988). Internal Dose Co nversion Factors for Calculation of Dose to the Public, 

Part 2 (DOE, 1988a), was used to assess dose to the public. The calculated exposure values are then 

compared with the applicable DOE limits for each receptor group. DOE Order 5480.11 (DOE, 1-b) 

establishes a limit of 5 rem (effective dose equivalent) per year for occupational workers. DOE Order 5400.5 

(DOE, 1990b) incorporates a Clean Air Act (CAA) limit of 10 mrem (effective dose equivalent) per year for 

members of the public from routine airborne emissions and a dose limit of 100 mrem per year from all 

exposure modes. 

0 

7.7 PERSONNEL W POSURES - ROUTINE OPERATIO NS 

7.7.1 Worker Exwsu re Risks 
- .- 

Worker8 ktvdved in the installation of collection facilities and those involved in operation of the facilities 

associated with the remedial action may experience increased risks through several pathways: 

1. Airborne exposure to VOCs near construction activities, equipment installation, or within the 
facility. 

2. Dermal exposure to organic and inorganic chemicals or radioactive materials, especially during 
construction activiities. 
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3. Inhalation of organic chemicals, inorganic chemicals, or radioactive materials on fugitive dust, 
especially those generated during construction activities. 

Airborne Exwsures to VOCQ 

It is proposed that the treatment facility be located in the East Trenches Area, northwest of iHSS-110. 

Associated piping and utilities will be located, to the degree possible, to avoid soils contaminated with VOCs. 

There will be monitoring to assess possible exposures to VOCs during these construction activities. Protective 

measures appropriate for the level of VOCs detected will be specified In the SSHSP to protect the workers. 

The potential for chronic or routine exposure of workers to VOCs resulting from operations and maintenance 

tasks will be small. OSA procedures will be established to control potential hazards to workers. 

The treatment facility trailers will be ventilated to prevent the buildup of VOC vapors in the work 

environment. The process reaction, concentration, and neutralization tanks will be equipped with hinged 

covers to minimize the introduction of VOC vapors into the work area. The filtration, dewatering, and carbon e 
adsorption units are dosed systems and thus will not act as VOC vapor sources. Periodic (every 1 to 3 days) 

removal of dewatered solids (sludge) from the dewatering equipment will be necessary. This will require 

opening of the filter press housing and potential short-term exposure to VOC vapors. Facility ventilation and 

OSA procedures will provide appropriate personnel protection. The wet consistency of the sludge will preclude 

potential aerosolization of radioactive particulates and associated exposure from inhalation. The dewatered 

solids will be handled.9~ a low-levd mixed waste. Outdoor operational tasks, such as maintenance of the 

surface water collection system, will be performed in accordance with the appropriate OSA. 

Activities that might lead to nonroutine exposures, such as opening tanks or other maintenance 

operations, will be of short duration and will not lead to chronic exposures. Monitoring these activities will be 

necessary, however, to determlne that adequate protective measures were used to assure that workers were 

not exposed to VOC levels exceeding appropriate limits for the indfvidual chemicals. a 
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Dermal Exwsu reg 

As with alrbome exposures, potenthl dermal exposures will be controlled with the implementation of 

SSHSP and OSA procedures. Potentlal levels of protection from splashing and contact with contaminants 

include the use of gloves, protective dothing, goggles, and hoods. 

During construction actMties for the proposed action, there will be IMIe or no potential for dermal 

contact with soil contaminated with VOCs. The treatment facility will be constructed in the East Trenches Area, 

northwest of IHSS-110, where VOC contamination levels are anticipated to be low. The piping for the water 

treatment facility will be routed through uncontaminated sol to the extent possible. Any excavated soil from 

designated IHSSs wll be treated as a RCRA mtxed waste until determined otherwise. Inorganic chemicals and 

radioactive materials identified in the work areas are not readily absorbed through the skin and would result 

in a negligible exposure pathway. 

Personal protective measures may be necessary during some routine operations activiies where there 

is a potential for contact with contaminated water (e.g., routine water sampling or solids removal in the 

treatment facility). If such measures are necessary for the protection of the workers, they will be specified in 

the OSA for those activities. 

inhalation of Fuaitive Dua 
- .- 

Fugitive dusts are likely to be generated during construction activities for the water collection and 

treatment facilltiea The Phase II Sampling Plan (EG&G, 1990a) indudes SOU sampling in the areas of interest, 

but the results are not yet available. For this reason, the surface soil conditions have been estimated using 

available soil samples from the Phase I RI/FS (Rockwell, 1987a). Where soil samples were not available, the 

nearest sol samples located between the area of interest and the most likely source of contamination have 

been used. 



The soil sample results indicate that the only organic chemical of concern in soil above the water table 

is bis-(2-ethylhexyl)phthalate. Acetone and methylene chloride were reported but are suspected to be 

laboratory contaminant artifacts. Consequently, it is the only significant organic chemical contributing to 

carcinogenic and noncarcinogenic effects from the fugitive dust pathway. The radioactive contaminants of 

concern from the fugittve dust pathway indude plutonium and americium. The contaminant levels in the 

surface soils for CS-59, CSSl , CS-132, and the treatment facility are based on data from the nearest available 

borehole. 

Dust control measures will be specified in the SSHSP to limit inhalation exposures to workers involved 

in construction activities. These measures will be derived from the PPCD. Even if workers were to be exposed 

to the maximum dust loadlng permitted by OSHA regulations for nuisance dust during the entire period of 

construction activities, the effects of either fugitive radioactive material or phthalates would be insignificapt. 

The contaminated surface water cdlection stations will have surface piping routed to the treatment 

facility. Consequently, transfer of contaminated surface water by tanker truck will not be required and will not 

result in a fugitive dust source term during operations. Occasional travel to the surface water collection 

stations will be required for maintenance or surveillance purposes. Whle some fugitive dust may be generated 

in the wake of the vehide, it is not expected to be a significant exposure pathway for the vehicle operator or 

other construction personnel. 

0 

7.7.2 site Fmdovee FXDOSU re Risks 

Other workers at the RFP site could be exposed to low levels of VOC vapors released during normal 

operation and to fugitive dust generated during installation and operation of the facilities associated with the 

proposed action. 

Although the vent on the feed equalization tank (see Figure 6-1) on the water treatment facility will have 

an activated charcoal filter attached, in order to estimate an upper bound to personnel exposure, a calculation 
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was performed to determine the potenthl VOC releases from the vent without a filter attached. Since that tank 

is the largest single tank in which untreated water is collected, it was chosen as the tank which, if unfiltered, 

could lead to the greatest exposures to other site employees or the public. Any other tanks, sumps, or pump 

vents would lead to lower exposures and lower rlsks. In the calculation, it was assumed that the liquid in the 

tank was at the contamination levels listed in Table 4-1 and that the vapor In the tanks had reached equilibrium 

with the liquids. It was further assumed that the vapors are displaced by in-flowing liquids at an average rate 

of 60 GPM, the design processing rate. That b. it is assumed that the average liquid idow must equal the 

processing flowrate, but no credit was taken for water being removed from the tank. Under these 

circumstances, the maximum total cancer risk and total noncancer hazard quotient would be very low. 

a 

There will be dust generated during the construction of the water collection facilities as well as the water 

treatment facility. Although dust suppression measures will be implemented In accordance with the PPCD and 

SSHSP, the following conservative analysis, which assumes no dust suppression measures and high estimates 

of areal disturbance and construction time, has been used to estimate health risks from dust generation. The 

dust generation rate was estimated using the construction generation rate of 1.2 tons per acre per month 

(average SOU moisture conditions) from AP42 (EPA, 1985). AP-42 la an EPA document for estimating source 

terms for air pollutant emissions. It was assumed that the project would create dust over an average area of 

one acre for two months. This multiplication led to a calculated average generation rate of 4.2 x 1 O4 kg of dust 

per second. To be conservative in calculating the exposure of site employees, It was assumed that all the dust 

was generated at the surface water cdlection stations, since this would produce the maximum exposure to 

personnel at Bulldings 988 and 996. The approach utilized to estimate surface contamination levels 

contributing to fugitive dust has been discussed in the fugitive dust portion of Section 7.7.1 of this report. 

Using a wind direction weighted dispersion factor (X/Q) from CS-134 to BuMIngs 988 and 995 of 2.43 x 1 O4 

seconds per cubic meter, it is estimated that an individual assigned to the buildings for the full sixtyday 

dura- of the construction activities would receive a maximum dose of 0.4 mrem CEDE from radioactive 

materials in the fugitive dust. The corresponding incremental cancer risk and non-cancer hazard quotient due 

to the presence of phthalates and metals in the dust were calculated to equal 3 x 1 O* and 4 x 1 OJ, respectively. 

a 

- .- 

0 
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As noted previously, the only potential fugitive dust source term associated with interim action operation 

is occasional travel to the surface water cdlection stations for maintenance or surveillance purposes. Due to 

the infrequent nature and short duration of any travel to the cdlection stations, chronic exposures to other site 

personnel from fugitive dust are not anticipated. 

7.7.3 Risks to Members of the Public' 

Members of the public could be exposed to the same sources d risk as described in the previous 

section for other RFP site workers. The airborne concentration d the fugitive dust would be less for members 

of the publk because of the greater dispersion distance from the source. 

The public may be exposed to fugitive dust containing phthalates, and plutonium generated duringdhe 

construction phase of this action. The maximum dose to a member d the general public from radioactive 

contaminants present in dust generated during construction activities would be about 2 x lo5 mrem CEDE. 

This is very low and well within airborne exposure limits d 10 mrem per year to any member of the general 

public (DOE, 199Ob). The maximum incremental cancer risk to a member of the public due to phthalate and 

metal contamination within the dust was calculated to be negligible during construction, with a value of 6 x 10.'. 

The corresponding non-cancer hazard quotient was calculated to equal 8 x 1 Ob for construction activities. As 

discussed In Section 7.7.2, some fugitive dust may be generated in the wake d vehides traveling to the water 

cdlection stations during normal operations for maintenance or wweillance activities. Due to the infrequent 

nature and short dwation d this travel and the distance to the plant boundary (approximately 1 miie), any 
- .c 

puMk exposwe b expected to be insignificant. 

As discussed In section 7.7.2, potential VOC releases from the feed equalitation tank were analyzed 

to provide an upper bound on the risks from releases from other, unfiltered tanks. Using the same 

Throughout this roport, tho torm 'gonord public' h u  a rp.oid md vmnry r d c t o d  moaning. h ordor to mtimrto the maximum c 1 

exporuro or rirk to 8ny individud o d d .  of tho RFP a b ,  dI mtim.trr UO bmod on oxporuro to 8 p . M n  8t the Bite boundary 
location h8ving tho highoat ~ r a g o  drbomo concontration who nmains thoro for 24 hour8 0.ch day. 365 day8 each year, for 
tho dUr8tiOn of tho operation or tho romodid W o n .  



assumptions as described in section 7.7.2, the maximum cancer risk and non-cancer hazard quotient for a 

member of the publk would be very low. 

7.8 PERSONNFl EXPOSU RE - ACCIDENT 

Any acddents that may occur during the construction phase of the proposed action are those typical 

of small excavation or construction activities. The SSHSP will identify appropriate precautions and 

responsibilitieg for each job. Workers will be familiar with the SSHSP and a copy of it will be available at the 

work site. No credible accident during construction would lead to exposure of either workers, site employees, 

or members of the publk to levels greater than those resulting from the severe accident case analyzed below. 

During operation, accidents that could Impact either workers or members of the public would include 

fires or major spills of contaminated material. Spills of untreated water within the treatment facility would create 

the potential for short duration airborne VOCs. Uptake of contaminants by workers involved in the cleanup 

would be controlled by following safety precautions specified in the OSA Any airborne VOC releases through 

ventllatlon systems that could lead to exposures of other RFP employees (site employees) or the general public 

would be less than the tank rupture discussed later in this section. 

1) 

The initiation and propagation of fire within the treatment facillty b a credible accident. The facility 

tralers are equipped wtth chemical fire extinguishers; however, the traUers WYI not normally be occupied once 

operations become routine. Any VOC releases would be bounded by the severe accident case since 

concentrated VOCS would be contained within the activated charcoal cdumns which are closed components 

and filled with water. Sdids which are in the filter press housing or which have been removed and placed in 

metal containers constitute a potential radioactive material source term. A fire would have to both dry out and 

aerosolize the solids as well as breach the metal containment to result in a radioactive release. Since the 

solids are inorganic and in a sludge form containing 60 to 70 percent water and are within metal containers, 

and the trailer is the only major combustible material present, it is conduded that the fire duration and intensity 

would be insvfficlent to result in a radioactive material release resulting in any significant impacts. 

- .- 

a 
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If any workers were present during an accident invoMng the rupture of the inlet tank, the danger of 

traumatic Injury would be a greater concern than intake of hazardous chemicals or radioactivity. The 

radioactbe materials present in the water are not volatile, nor are they readiy absorbed through the skin, so 

they do not present an ingestion hazard to the workers at the scene of the incident. The organic chemicals 

are low in concentratkm and would not volatilize immediately. Thus, M e  the airborne concentration levels 

near the tank wodd be higher than off-site or other on-site locatkm, the workers would be aware of the 

incident and would either evacuate or take protecthre actions, thus limiting their total exposure to the hazardous 

material. 

7.9 COMMITMENT OF RESOUR= 

The scope d the proposed IM/IRA Is small and the resources (material/human) for construction and 

operation of this surface water treatment system will likewise be relatively small. No significant commitments 

of valuable resources are involved. 0 
With the exception of the land area, all of the materiels for COIIS1NCt/Oll and operation of the water 

treatment system will be inevocably and irretrievably committed to the Implementation of the remedial action. 

Most of these resources are normally consumed at the Plant at a rate which makes the requirements of the 

remedial actlon insignificant. The water pretreatment chemicals and cleaning solutions are already in use at 

the RFP. The chemicals for the cross-flow membrane treatment system and the carbon canisters are all readily 

available from ofF& 8ources. Process chemicals. cleaning agents, and carbon will all be available within the 
- .c 

Denver metr0C)ollhn area 

7.10 TRA NSPORT ATlON IMPACtS 

Human health impacts normally incident to transportation indude vehide emissions in addition to 

possible traumatic injuries and fatalities resulting from vehicular operations. 



Normal transportation produces engine emissions, fugitive dust generated by vehicular traffic on 

unpaved surfaces, and particulate from tire wear. The table bedow presents an estimate of emission rates for 

the operation d a typical truck. 

TRUCK E MISSIONS R ATE 

pollutant a 
Hydrocarbons 13.1 

NOx 286.0 

sox 31.2 

co 123.5 

TSP 17.7 

The impacts on health resulting from transportation during the Proposed action indudes the potential 

for both poilution- and accident-related impacts. The table below presmts estimates of risks resulting from 

truck transportation (Rao, 1982). 

HFALTH FFFECTS PER KILOMETE R 

source MQ& LEa 
Fatalitleg 

Pollutants Truck 1.0 E-? 

lniurieg 

Accidents Truck 5.1 E-7 

LCF = Latent Cancer Fatality 
- .- 

3.0 E 4  

U n c w W n t k  are associated with pollution emission rates and atmospheric dispersion behavior. To 

compensate for these uncertainties, the analysis used consewative estimates for determining pollution health 

effects. The tabulated accident impacts are average values over all populatkn zones (urban, suburban, rural) 

and am derived from nationwide Department dTtansporCation (DOT) s3atiatics. 

0 The proposed action will involve transportation activ#ies during the construction phase as well as during 

subsequent operations. Ail construction shipments are antkipated to be made mostly by truck and will 



originate within the Denver metropolitan area (within a 50-mile radius of the Plant site). Materials to be brought 

on site indude the treatment systems, storage tanks, piping, concrete, and associated equipment. The delivery 

of these materida WPI require several truckloads over the construcpOn period, followed by routine maintenance 

travel between collection areas and the tmtmemt facilities (estimated at less than 50 miles per week). The 

resulting transpo#Wion impacts will be small M seen from the tabulated emisdons and health effects estimates. 

To place transportation impacts to the general publk in perspective, It Is observed that approximately 60,ooo 

round-trip truck shipments (oneway distance of 50 miles) would be required to result In one additional latent 

cancer fatality (LCF). An average of 210,000 truck shipments would be required to result in one additional 

traumatic fatallty. The increase in site travel during construction may be noticeable but will be of short 

duration. Outside the Plant boundary, the increase will nd be notkeable. 

Treatment of contaminated surface water from OU 2 will result in an incremental increase in site pickup 

and deliveries of spent carbon columns and replacement units and chemicals for the pretreatment of water for 

the cross-flow membrane treatment system. Deliveries will be spread out over the course of the year and wiii 

be handled by one of the existing Plant chemical supplien. The very wnall number of shipments involved for 

both the carbon columns and the cross-flow membrane tremtment system will result in an insignificant impact 

to human health. 

Off-site transportation impacts essociated with the shipment of solidified filter sludge to a mixed waste 

disposal site, such as the Nevada Test Site, will be very low as determined in DOE (1990b). Relatively low 

concentrations of contamknts, the physical form of the waste, disposal site waste acceptance criteria, and 
- .- 

compliance wyh DOT packaging and transport requirements all contribute to very low health effects from 

incident-free 8hipmmM and accident events. 

Operatbnai activities will also indude periodic inspection of the collection system to remove debris or 

other obstades, as well as routine inspection of the pipeline collection system providing direct feed to the water 

treatment facility. This will require vehicular travel to each cdlection station area, which is estimated to total 
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10 to 15 miles per week. Impact to human health (latent cancer fatalkies from vehicular poilution) will be 

negligible. 

7.11 ,- 

Routine procesSing of the surface water collected from the surface seeps and drainages will result in 

some additional did was!es being generated from the &e. Generation d Rlter press cake by the cross-flow 

membrane fittration system is estimated to be a maximum d 70 cubic yards annually. The filter cake will be 

treated on site and shipped to the Nevada Test Site or similar facility for final disposal. The annual production 

rate of the semisolid WGll average much lower. All gaseoua release8 wo1 be undetectable off site. None of the 

materials that may be released are expected to be concenbated by any natural process. 

I 

The drying of the semisolid sludge waste from the treatmmt system WI require an increase in Plant 

solldiflcation operath to dry and package the waste for tmsport to a fkral disposal site. Nelther the drying 

nor packaging requirement will add significantly compared to the cunent workload d the facility. Radionuclide 

accumulation in the sludge is not expected to exceed exempt quant#ie9 by weight, so that shipment of the 

sludge is not expected to cause any special concern 01 require unusual controls. 

it is estimated that four workers will be invoived in routine opemtbn and maintenance of the surface 

water collection and treatment facility. This will have n@gible impact on the workload of Plant personnel. 

In routine operpskna these workers will not be exposed to any level8 d chemicals or waste stream pollutants 
- .c 

that would nwtrlGI them from other assignments at the RFP. 

Construction activities will result in increased vehiculer traffic, engine emissi0ns, and the number of 

workers. The number d personnel required for the proposed actiorr wll be a small increase to the assumed 

yearly additional construction loading. 



SECTION 8 

ENVIRONMENTAL EFFECTS OF THE ALTERNATIVES 

The preferred alternative and the proposed action for this interim remedial action is to gather 

contaminated surface water from a series of point sources, transfer the collected water via pipeline, and 

process the water through a water treatment system. The preferred treatment system consists of a cross-flow 

membrane treatment system for removal of radionudides and metals, fdlowed by a carbon column system 

for removal of VOCs. The treated water will then be returned to South Walnut Creek. 

Several alternatives to the proposed IM/IRA were evaluated for environmental effects. The alternatives 

included: 1) no action; 2) surface water collection at Pond 8-5 and 3) ion exchange, granular media filtration 

with polymer addition, UV peroxide oxidation, and air stripping. The alternative of surface water collection,at 

Pond 8-5 has been eliminated based on the potential of generation of additional contamination and additional 

volumes of water requiring treatment (See Section 4-1). Each remaining alternative is evaluated in regard to 

environmental quality, personnel expasure and transportation impacts. Fdlowing the alternative evaluation, 

Table 8-1 compares the potential impact of the proposed action with the alternatives. 

0 

a. 1 ENVIRO NMENTAL F,FFECTS 0 F NO ACTION 

Although the no action alternative is in direct conflict with the IAG reached among DOE, EPA, and the 
- -c 

State of Colorado, It h discwsed herein. 

The No Action alternative would not involve any short-term impact to the environment or the work 

force/general population and would eliminate the need for off-site transportation activities. However, it would 

not contain nor remove any radionuclides, VOCs or inorganic contaminants. The No Action alternative would 

pose a long-term release risk to the general public and would require remedial actions in the future. 

@ 



The No Action alternative would require that the current quarterly site monitoring be continued. 

Because the monitoring is a part of the existing plant environmental monitoring program, the impact on plant 

operations and the surrounding community would be effectively zero. However, because off-site migration 

may occur in the future, the No Action alternative is unacceptable. 

8.1.2 Personnel Ex- 

The No Action alternative will have minimal impact on current workers at the site or at adjacent sites. 

Workers would still be required to collect quarterly sampling, which would present no additional impact above 

current impact levels. The sources of hazardous materials would neither be removed nor controlled. However, 

the possiMtty of releasing contaminated water off-site would increase over time. The site would then be a 

source of public exposure in the long term. . 

8.1.3 T r a m  e 
Since no remedial action would occur under this alternative, there would be no on-site or off-site 

transportation activities associated with this alternative or related impacts to workers or the general public. 

8.2 m R O  NMENTAL EFFECTS OF ALTERNATIVE 2 

8.2.1 

A variety d tmtmmt technologies were investigated as alternatives to the proposed OU 2 IM/iRA. 

These included granular media fUtratlon with polymer addition for suspended solids removal and ion exchange 

for metals and radionuclide removal. In addition, UV peroxide oxidation and air stripping with off-gas treatment 

were examined for organic contaminant removal. ion exchange and UV peroxide systems are proposed for 

treatment of contaminated ground water at the 881 Hillside Area which contain constbents which are similar 

to the OU 2 surface water contaminants. However, with regard to ion exchange, plutonium is not a ground 

0 
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water contaminant at the 881 Hillside Area, and ion exchange (or other inorganic treatment techndogies) are 

not proven techmiogles for removal of plutonium for natural water. There is no appreciable difference in 

environmental impacts of the alternative organic contaminant treatment techndogies. The cross-flow 

membrane fiitration system is the only proven system for removal of the targeted radionudides. 

0 

8.2.2 Perso nnel F- r 

The use of alternate treatment technologies would have little impact on the personnel exposure 

associated with surface water deanup. The contaminants in the water remain the same and the removal 

techniques are essentially similar with respect to personnel exposure a risk. 

8.2.3 Transwrtat ioq . 

The seiection of one of the other alternative treatment technologies may require different transportation 

requirements, dependent on the rate of water treated and the contaminants to be removed. The ion exchange 

columns utUize resin beads that may require periodic replacement. Using a UV peroxide treatment process 

would reduce transportation impacts primarily due to elimination of some of the by-product materials produced 

by the process. Overall, the transportatron impact for this alternative is minimal. 

0 

8.3 SUM MARY 

The Impact8 d the altematlves are judged to be small. The potential impacts associated with the 

proposed action and each d the identified alternatives are presented in Table 8-1-A and 8. 
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TABLE A-7 

INORGANICS ABOVE BACKGROUND IN GROUND WATER' 

140-71 9 Bicarbonate 45 257 
Chloride 172 257 11607 

cyanide 0 62 ND4.038 
Nltrate 164 255 0.1 8-2.98 
Sulfate 114 257 16-950 
TotalDlssdvedSdids 193 257 170-1 761 

530 
'81 9 

NO 

. -  

15.5 
1157 

321 9 

~~ ~~ 

ND Nat detected at contract required detectlon limit 

COnmntFation data obtalned from the 1987, 1988, and 1989 field Investigations. 

Compared to background value for appropriate lithologies, listed in Table A-1 . 

flange of maximum values for different classes of ground water. 

Reported when maximum concentration is above background. 
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TABLE A 4  

DISSOLVED METALS ABOVE BACKGROUND IN GROUND WATER' 

Alumhum 
Antlmony 
Arsenic 
Barium 
Cadmlum 
Calcium 
Cedum 
Chromium 

lrOn 

Lead 
Uthlum 
Magnesium 
b g a n -  
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
SOver 
Sodium 
Strontium 
Thallium 
Vanadium 
zinc 

Coppgr 

119 253 
18 248 
9 247 

21 5 253 
1 249 

161 253 
0 248 

54 253 
93 253 

131 253 
15 247 
7 60 

164 253 
103 253 

1 245 
41 253 
51 253 
92 245 
39 246 
7 253 

117 253 
266 253 

0 240 
9 253 

65 253 

ND-0.327 
ND-ND 

NDO.0186 
ND-ND 
ND-ND 

64.6-1 38 
ND-ND 

ND-0.0122 

ND-0.94 
ND-ND 

ND4.172 
ND45.3 

0.01 824.686 
ND4.008 
ND4.112 
ND-0.0432 
ND-21.89 
ND-0.091 
ND-ND 

25.6-599 
ND-0.451 
NDO.01 

ND-0.564 

ND-ND 

ND-ND 

4.75 
0.12 

--  0.007 ' 

0.93 
0.006 

408 
ND 

0.1223 
0.84 
4.35 
0.04 
0.22 

4.37 
0.013 
0.192 
1.7 

44.5 
0.39 
0.13 

7.7 
0.01 
0.10 
2.70 

136 

405 

ND Not detected at contract required detection limtt. 

Concentration data obtained from the 1987, 1988, and 1989 field investigations. 

Compared to background value for appropriate lithologies, listed in Table A-1 . 

Range of maximum values for different classes of ground water. 

Reported when maximum concentration is above background. 
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TABLE A-9 

DISSOLVED RADIONUCLIDES ABOVE BACKGROUND IN GROUND WATER' 

OrossAlpha 
Gross Beta 
uranlum 233,234 

Uranium 235 

uranium 238 
Strontium 89,90 
Plutonium 239,240 
Amwidurn 241 
Cesium 137 

42 
46 
62 
62 
73 

3 
3 
6 
0 

179 

le0 
151 
148 
151 
153 
153 
153 

3 

7-27 
2-1 8.53 
1.1 -1 294 
0-0232 
0.6-7.7 
0.1 4.878 
04.01 2 
04.01 9 
0.24.776 

250 
-872- ' 

34 

1.7 
28 
5.0 
0.52 
0.83 
0.3 

Concenhstkrr data obtained from the 1987,1988, and 1989 field investigations. 

Compared to background value for appropriate lithologies, listed in Table A-1 . 
Range of maximum values for different classes of ground water. 

Reported when maximum concentration is above background. 
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TABLE A-11 

SEMI-VOLATILE ORGANIC COMPOUNDS DETECTED IN SOILS' 

N-Nitroso- 
Borehde phenylamlne 
Nunrber -baLksL 

8-7 355 
BH2387 
BH2987 
BH3087 

903 Pad Rocky Flats Alluvium: 

903 Pad Colluvium: 
BH2487 
BH2587 
BH2687 
BH2787 
BH2887 

903 Pad Sandstone: 
BH2987 

903 Pad Claystone: 
BH2287 
BH2387 
BH2487 
8H2587 
BH2687 
BH2787 
BH2887 
8-7 

Mound Rocky flats Alluvium: 
BWl87 
BH3287 
81.13387 
BH3487 
BH3587 
BH3687 
BH3787 
8-7 

Mound Sandstone: 
BH3387 
BH3487 

Mound Claystone: 
BH3187 
BW287 
BH3587 
BH3687 
BH3787 

36J 

51 J 

4aJ 

dEn-Butyl 
Phthalate 
JiaUL 

97J 

3400 

6mJ 
635 
150J 

61 J 

6408 
56J 
l6OJ 

5oJ 
925 
835 
17OJ 
73J 

35J 

33008 
19008 
42005 
340 

3400 

26008 
8308 
800 
22oJ 

21 00 
18008 

490 
31OJ 
530 
450 
680 
480 

87008 
4600 

450 
22OJ 

430 
9J 

3zQJ 
38J 360 
41 J 550 

Concentration data obtained from the 1987 field investigations concentrations reflect maximum 
values for the stated borehole. 
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TABLE A-11 (contlnued) 

SEMEVOLATlLE ORGANIC COMPOUNDS DETECTED IN SOILS 

East T r w  Rocky flats Alluvium: 
33J 8-7 

BH4087 
BH4187 
BH4287 
BH4387 
BH4487 
B W 7  
BH4687 
BH4787 
BH4887 
BH4987 
BH5087 
BH5187 
BH5287 
BH5387 
BH5487 
BH5587 
BH5687 

0 East Trenches Sandstone: 
BH3987 
BH4287 
BH4487 
B W 7  
BH5187 
BH5687 

East Trenches Claystone: 
BH3987 
BH4087 
BH4187 
B W 7  
BH4587 
BH4687 
BH4787 
BH4887 
BH4987 
BHSO87 
BH5287 
BH5387 
BH5487 
BH5587 
BH5787 

_ _ _  

4OJB 

120JB 

48J 

521 
3708 
38JB 
25OJB 

4218 

3758 

28058 

1403 

1705 
49J 

2SOJB 
4258 
68JB 
49JB 
12OJB 
12OJB 
44JB 
9oJB 
94JB 
5OJB 

39J 
38JB 

86JB 
47JB 

34JB 

59JB 
42JB 

55JB 
84JB 
58JB 
34JB 
8OJB 

360 
2805 
380 
500 .. - 
630 
3808 
880 
2505 
lo008 
6708 
11008 
6108 
8208 
6508 
13008 
12008 
12008 
1 l00B 

2505 
520 
9208 
22oJ 
MOB 
lOOOB 

2505 
2OOJ 
190J 
730B 
l9oJ 
350 
l l00B 
5608 
!BOB 
6908 
geoB 
6708 
65OB 
lo008 
1OOOB 



TABLE A-12 

TOTAL METALS ABOVE BACKGROUND IN SOIU' 

Aluminum 2 
1 

Anenic 35 
Barium 6 
Beryllium 0 
Cadmium 58 
Calcium 31 
Cesium 0 
Chromium 3 
cobalt 1 
Copper 1 
lrOn 7 
Lead 2 
Uthium 0 
Magnesium 2 
Manoem 14 
Mercury 1 
Molybdenum 0 
Nidtel 4 
Potassium 3 
Selenium 1 
Silver 0 
Sodium 2 
Strontium 0 
Thallium 0 
Tin 0 
Vanadlum 10 
Zinc 2 

204 
204 
204 
204 
204 
204 
204 
24 

204 
204 
204 
204 
204 
20 

204 
204 
204 
15 

204 
204 
204 
21 1 
21 1 
21 1 
21 1 
12 

21 1 
21 1 

10300-25312 
ND-16.2 
3.6-1 5.86 

155.8-345.8 
2.2-1 7.75 
ND-3.2 

599043079 
ND-274 
10.7-37.9 
15.9-29.7 
19.6-30.62 

1230041295 
13.4-34.5 
7.044.4 

2SZO6151 
305-659 
0.27-0.58 
11.2-38.65 
14.3-56.95 
ND-3336 
ND-ND 

12.7-40.9 
ND-3680 
69.2-226 
ND-NO 
268-338 
22.2-58.2 

52.69-106.7 

'106oO 
-. 24- 

37 
1899 

1.7 
6.2 

25400 
ND 
58 
33.1 
25 

42foO 
45.6 
12.71 

5260 
3540 

114 
ND 
36.1 

41 70 
1.5 

ND 
1400 
184 
ND 
ND 
108 
58 

ND Notdetected 
Concentration data obtained from the 1987, 1988, and 1989 field investigations. 
Compared to background value for appropriate lithologies, listed In Table A4.  
Range of maximum values for different geologic materials. 
Reported when maximum concentratlon is above background. 
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TABLE A-13 

TOTAL RADIONUCLIDES ABOVE BACKGROUND IN SOILS' 

Gro#Alpha 
Gross 8eg 

u-233- 
Uranhrm235 
Urankrm 238 

strontium 89.90 
Pl\rtonkrm 239340 
Ameridum 241 
cedwn 137 

TrltkJm w/w 
W i u m  226 
Radium 228 

12 
5 
7 
0 

13 
10 

112 
118 
42 
11 
0 
0 

227 

227 
225 

0 
227 
227 
227 
221 
227 
227 

9 

9 

37-52.302 

2936.886 

0.8-1.985 
0.0874.258 

1 &l .m 
0.44766 
0.01 4.020 

NR4.018 
0.0-0.1 13 

0.299-0.410 
0.9-1.3 
1.1-2.5 

480 

37 
_. - 

3.4 

3.9 
1.1 

94 

22 
3.1 
0.69 

NR Notreported 
' Concenhation data obtained from the 1987,1988, and 1989 field imrd@OnS. 

COmpared to background value for appropriate lithologies, listed in Table A-3. 

Range of maximum values for different geologic materials. 

Reported when maximum concentration is above background. 
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TABLE A-15 

TOTAL METALS ABOVE BACKGROUND SEDIMENTS' 

Aluminum 
krtbnorry 
krenic 
Barhrm 
Beryllium 
Cadmium 
Caldum 
cesium 
Chromium 
cobalt 
COPw 
lrOn 

Lead 
mum 
Magndum 

Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
S h r  
Sodium 
Strontium 
Thallium 
Tin 
VanadkUn 
zinc 

1 
3 
0 
4 

20 
6 
6 
0 
0 
1 
5 
2 
3 

11 
4 
4 
1 
6 
1 
8 
1 
9 
5 
1 
1 
9 
2 

10 

25 
2s 
24 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
24 
25 
25 
20 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

24789 
ND 

182 
ND 
ND 

72551 
ND 
43.38 

NO 
220 

28308 
39.502 

NO 
41 10 
3'1220 
ND 
ND 
29.9 
ND 
NO 

NO 
1 75 
ND 
ND 
50.2 
92.688 

13.0 

6.8 

24800 
' 24.5 

4.6 
mo 
15.5 
2.3 

-. - 

132OOO 
ND 
26.8 
12 
40.4 

28900 
66.4 
27.8 

5970 
1390 

0.72 
10.3 
34 

5180 
21.3 
48.9 

670 
179 

1080 

735 

8.5 

58.4 

ND Notdetected ' 
' 
1 

data obtained from the 1986,1987,1988, and 1989 Reld b'IVestigations. 
Compared to background values listed in Table A3.  
Reported when meximum concentration is above background. 



TABLE A-16 

mAL RADIONUCLIDES ABOVE BACKQROUND IN SEDIMENTS' 

GrosoAlpha 
Groso Beta 
uranium 233,234 

uranium 235 
Uranium 238 
strontium 89,90 
Plutonium 239.240 

Americium 241 

COdum 137 

miunl Wl/W 
Radium 228 

Radium 228 

3 

0 
1 

1 

1 

0 

8 

0 
1 

0 

1 

0 

12 

12 

12 

12 

12 

12 

12 

3 
1 1  

12 

4 

4 

60 
50 _. - 

1.669 

0.176 

1.m 
1.390 

0.096 

0.029 
1.578 

0.408 

1 .o 
2.1 

n 
46 

2.1 

0.2 

2.7 

0.5 

0.85 

0.02 

0.3 

0.18 

1.3 

1.4 

ConcefWatkm data obtained from the 1986,1987,1988. and 1989 field investigations. 

Compared to background vaiues listed in Table A-3. 

Reported when maximum concentration is above background. 
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APPENDIX B 

SURFACE WATER SAMPLING RESULTS 

OPERABLE UNIT NO. 2 

SURFACE WATER INERIM REMEDIAL ACTION PLAN 
ROCKV FLATS PLANT. GOLDEN, COLORADO 
wag ..+trsg% wunut',.pwnd.pgs 

MARCH 1991 



APPENDIX B-1 

SURFACE WATER SAMPLING RESULTS 

v o u n E  ORGANIC COMPOUNDS 

SURFACE WATER INTERIM REMEDIAL ACTION PLAN 
9XKY FlATS PlAM. GOLDEN. COLORADO 
e& r .wrap>vUnuI Lapoend.pga 



W 

a 
m I r:: 

a 

f' 
W 

a 
r)' h 

a 
m I 

W 

a 
n I 

k 
6 
Y 

a s  b 
u 
k 
I 
OD 

W 

0 
f 

I 

> 

a 
L a 

2 
o a  t 

2 

a 
L - 
I w c 

f > 
L 

9 3 :  
' f  H 

a 
t 

I 

M 

Lo 
E 

4 4 % X 4 4 4 % $ 4 3 4 4 4 4 1  
? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?  
I R R I R R R R R R R R R I R R  



s w  

3 a  
m m  

s 

0 
m I 

w 

0 
m I 

w w  

0 3  
m m  

4 
c 
0 W 

I '  0 s  
W D  W 

3 
0 I 

a -  
n -  - s  n o  E 

> 

0 a 
m n 

a -  
n -  

I: 
t t  
7 
(I 

s 

0 
s I 

h 
- 
c 

t > s  > 

a a 
n n 

a -I 

n t 

a -  
n n  

. :*I  * e  

H 

n I 



.I- - 
3 

f 
P t '  z 

D W  

3 '  
o m  
a n  

w 

3 

z I f' 
f 

I: 
w w  

3 3  
m m  

W 

3 
m I 

.. - 

a ,  

3 '  
m r  

W 

a 
m L 

* w  

3 3  
d r  

s 
m 

0 -  e -  

1' 
W 

3 
m 

3 
m 

a 3  
a m  

> 

¶ 
n 4 

> 

m 

l 
¶ 

n m  

> 



e 

a 
m I 

* w  

3 ,  
I: n r  

I e 

3 
I n 

3 
n P 

* w  

3 3  
a n  

? 
e 

n 
3 L 

i 

* w  

a s  
n n  

0 0 z n .- e -  .- i 
1 '  I 
t i  

. 
c - .. 
c 
. 
O W 

W D  

0 3  
n n  

W 

0 2 
n z 

f 
= * :  a 0  

t m 

0 c 

I 
n 

t 

b m  
:I 



I 

w w w  

3 3  a a a a a o  
m a  m o r a o a  

I 

I 

L 

4 

0 

N N N N N N N N N  n n n n n n n n n  
? ? ? ? ? ? ? ? ?  
R R R R R  R R a R  

n n m n m n n s m m n n m a n  L L L C . - L C . L F . . L  
n n n n n n n n n n n n n n n  l n n n n n n n n n n  
? ? ? ? ? ? ? ? ? ? ? ? ? ? ?  ? ? ? ? ? ? ? ? ? ?  
2 R t R R R B R R R R R R A R  I I R R R R R R I S ,  



f 

I 

1 ,  
I 

L 

8 W 

. I  

. L  e -  -. 
e .  ? 
f a  

f 

f 
w w w  

f 

3 
n 

- 1  
- 0 . -  ' 
N - 1  
. 1 v  

- u .  I 

4 : : :  I 
b 



e 

P 

m 
c, 
d 
a 
m 
a 
a 

U O  
O M  

0 
a m  

iE 
N 

e > m m  

I 

z 
c 
e W 

I 

P 

m a  

a 



f 
C 

0 s 

a 
Y 
d 

-i! 
a a 

.r 

f'z a 

H 

0 I 

i i i i i i i i i i  

8 8 W 8  

f 0 0  s a a a a a  
m m  m m m m m m  

0 
c 

e . 
0 W 

w w *  

r 0 0 u  
e . . .  i x  a a a a  

I 

I 

I 

I 

I 
e o  
a 0 c  
n c  .. . . C  
* L  

n o .  

a &  J 

* - .  
- 
. I .  
c u  

I .  
u 



W 

a r:: n 

w w  

9 0 3  
n n  

w w  

0 ’  
v J m  

z 
c 
rn 
W 

* a  
2 w  
P 

I 
c, 

I 
a 
pc 

3 ’: N 
b 
U 

W 

I ’  a 
2 2  0 w -  

\ 
e -  - *  ! 
w u  

6 E t S  



a 
I:: m 

> w  

¶ s a  
m m m  

m r  
c m m  u -  
L O  a 
c .  : a  

W 

a 
0 5 =  

2 -  

w >  

s ¶ ¶  

2 2 0 ,  
. -  
. . I  

i It * >  
a O D  
n n n  

w 

¶ a  a 
m m  m 

w w  

0 3  
c n n  

1 m -  m -  - *  em I' a 
O I f  

I 
a s  0 
n m  n 

> >  

a a = ,  
n n n  

a -3 

n e  N 

a >  

- 3 3  
I . ) -  s - 

c -  0 -  -. 
* w e  
r .  L I S  

0 0  

W I ~  

0 .,O 



. 
8 -  1’ 
w 

0 s a  
2 $ 2  

I ’  = x z  
t 

f a  
t 

- . W 

- W  

W 

a 
4::  m 

w w  

a 3 s  
m m m  c .- - %  

m ! ?  -. - 

W 

a 
3: m 

* >  
a a s  
n m n  

a 
I: n 

a e  

0 a a  
m m n  .- S I  

t :  
i 

- 
c 

4 ..- 
l f : :  
- - e  
- 8 u  - u .  

W 

a s  
m o  n 

> W  

s s a  
m m m  

a 
rl 
4 

W W  

3 a s  
n n u l  

> 

3 
g :  n 

> 

a a 
u l m  In 

a >  

a 
0 

0 -  - .- 
s c  

- 8  
L U  - 0  

u . f  

- u l  R -  N 



e '  
1 w  
f 

3 r: m 

e *  

3 3 0  
a e a  

* -  e -  -. 
* -  
e %  C I  

e o €  

a 

a 
I:: n 

* *  
a 3 0  
n a n  

a *  

a a a  
n n u l  

tr - e m  
r . m  a 

3 1  

a 
I: n 

a 
L :  m 

a *  

a a 0  
e m a  

a *  

a a a  
n m m  

a 

a $3, 

W 

a 
g :  n 

L W  

a a =  
m * n  

0 
W 

U 

- 

! 



d 

ipr  
0 

I * a *  w 

m - 
f - 

a a a  
w e n  

> 

ass 
2 2 2  

a 
I * w * *  > 

- C  > Y  ! 

a 
c c 

Y 
c 

a a a  
2 2 2  

a 
I 

a 

m I 

.. - 

C U  
W D W  



m 
“ P  - 

., - 
c 

i W * <  

u . 

> 

a s s  
n r n  

> 
s s s  
n o e  

> 
ass 
9 2 2  

> 

a 3 3  
n r n  

> 

ass 
n n n  

> 

ass 
9 2 9  

> 

a a o  
n n n  

> 

a s a P I 1 I  
n n n f Z l L  .... 

u u u u  .... 
L L b L  

u u u u  .... 
h h h h  
u u u u  
0 . 0 0  

z 
c . 
D 

. I  
r w  
W 

I .  e 

c c -  o r  r. 

. U O  
u .  L I C  

P I  

u u a  

0 .z  
: i: 
u r -  
0 .- 

= I  i: W 

3 5  
I d  



rn 
Y 
d 

0 
QL 

e 

e 
0 -  - \  

m E f  

w w *  w 

a s s  a s a  ': n m r  n r n  

I 

w w *  > I 

e -  

n a  
f ' i .  
i 

e m  
- >  
s 



r 
c 

W 

* I  
- >  
f 

m -  

a * m 

* : 
c 

r c  
e a  : 

I 

:E I 
c :: I c c 

* 

a a a  
n n n  

rn I 

? i  
c t g  
u r n  

m -  
m u  
Y 0 -  

I c -  
Y :Z 

c 
C -  
0 -  -. 

w ~ a  
m u w  

t 6 5  
* - -  
o m -  



a w *  
a 
0 I s 

0, 

0 

0 

3 

2 

3 

0 N 

a 
2 

a 
0 N 

a 

8 

s 
.) 

f 

t '  

c 
a 
W 

O D  
W 

s 
.) 

I 

* w w  
a 
2 

I 
a -  s -  
t :  
s 

a 
m I 

a w w  

a 
t 

I 

a a w  

E I 

0 0 -  

- 1  D U  

< w w  

I 

a 

L. 

9 
\ 
N N - L. 

0 - 
u 
? 
R 

a -  
s -  i ; :  

IC 
Do 
Do 
0 
a 

i r c  6:; 
t :  ..-- 

a a -  

I 

0 - 
a n  = r  

n E : : E  

X X X X t X X X t X X X t f  
? ? ? ? ? ? ? ? ? ? ? ? ? ?  
a a R a a R R R R 3 i R a a a  



* w w  
3 
a 

3 

s 

a 
0 n 

a 
0 N 

3 

2 

a 
2 

3 

:: 

a 
2 

I 

e 
a 
.) 

L 

w w w w w >  

a L 

a 
m n 

N . w -  - \  

O t s r  :;: 
u c u  

* w w  

a a a  - a 
a L) L) 

f ?  
- w  a .  a 

s L 
b J a  
I b  
O D &  

0 
Q) 
r) 
4 
Y 

r) 
a 

> w > > > w  

a s s a a a a a s  
n a o a a a a a m  

n 

a 
n 

a 
ul 

. a .  
2 - z  
a .  

* w >  > > w w w *  

L L L L L L L  

Z C  I 

L. I 

s i  I 



* W B  

3 

0 N 

3 

0 N 

3 

2 

a 

2 

3 
0 - 

3 

2 

a 

0, 

L ¶ 
0 

L 

* w w  

a 
m f e 

e -  - -  
0 !; 

B D W D D W  

~ 1 1 3 3 3 3 3 3  3 
n o n n m m n n  n 

n 

I 

*.w 

s 
t '  :'5 
i m e  

= 

3 
m 

w m w w w w  

~ 3 3 3 a 3 3 3 3  3 
n o n n n ~ n n  n 

u l  

* B B  

3 
0 -  

.I . ) . I . ) * I U  

C C C C C C  
g 0 0 0 0 0 0  

* D W  

C O b  

5j n 

X X X t f X t t f X X t X X  
? ? ? ? ? ? ? ? ? ? ? ? ? ?  
A a a R a a R a a A R R X l  



a 
z 

3 I 

* * w  I 
0 
m I 

0 
9: 

a 
n 

1 1  

I 

a a * ,  I 
P 

a 
n 

. .  

01 
9: u 

.) " - " I - -  o 0 . 0 0 . 0  . c C C C C C C  

a 
m 

h 

% 
N N 
\ h 

0 



w w w  

s a 3  
m m m  

3 
m 

* w w  

a s s  
m m m  

a 

0 -  C I  

" a  
o m  

t t 5  
0 . .  
- 1  a -  Y .  

I w w w  W W  w 

W 
E 
0 

E l 



0 8  

- >  
t 

> W D  I > D  > 

0 s o 3 3 0  
o m a m m a  
m B 

Y 
d 

N C ) h  
(Yo 4 - 

-i 
a 
p: 

P 
Lt 

W D D  

a s  
m m a  

a a  

a 
* ?  

a 
a 

> D >  

o a a  
2 z s  

a s  
sf: 

0 

s i -  
45 t 
(I 

W > D  I s a  3 3 3  3 

w w  > 

a a a s a o  
o ~ m a a a  
n 

Y I n o  m r a  i 

E I 



w w m  1 a a  a:,:, a 
B W  

a aaa:,:, 
P P t 2 2 t  

w w w  I a:, a:,= a 

w . w  I 
a 

m o  n a a  n 
m 

c -  
t f  
i i I i 3  

w w w  

a s  a:,:, a I mo m e a  I. 

w m w  I a s  a a s  a 
/ n o  m a r  n 

w w  w 

a a a a a a  
o n m n n m  
n 

w w .  I 

n n 

Y I 



1 :  
8 

w e +  I s a  a s s  a 
< w  < 

a a a a a a  
o n n n n n  
n 

4 

w - w  

3 0  s a 3  
m o  n m a  

a 

3 
n 

< w  < 
3 a a a a s  

n - m n a  : 
3 
0 

I * * >  > *  > 

E c 

e::: 2 . : : ' ;  
at:: '  

n 



* * > a  I 

w * * *  I 

1 > w w w  

> w > w  I 

I * w w w  

i ;  
f 

a - -  f ' :  
a m  



w w w w  

rn I 



k 
e 
+) 

e 3  w 
L1 

PD 
a 

i -  
13 
Y 

1' 

i t 3 6  
L e 1  a a c e  
6 t t  

m 
* ?  

I 

I 
I 
I 

I 
I 
I 

i 
I 
I 
I 

m w w m  

a w w w  

w w m >  

e o *  

g 3 a a a a  
o r n r n  

N Y  n 

> w w m  

t a  
P 

r w  



.- e -  .- 

., 
H 

~a 

a * w *  I 

* w * *  I 

m I 

t t t t f f t t t t t f t t  
? ? ? ? ? ? ? ? ? ? ? ? ? ?  
R A R R I R I A I R A a a R  



LI 
Q 
*, : 
Q u 
W 
k 
OD 

e 

a 

i s  
u 

0' 

n 
" 9  

r; 
n 

pi' 
3 

I' x 

I' 
3 

a 0  t 
z 

P a  
.- 3 

I 

. I  

1 ,  
> 



a 
k 
Q 
Y : 

3 

0 
0 

u 

OD 

a 

a 
0 
I 4  

a 
Q a 
P a 
r( 
r( 
a 

OD 

u 
-4 
U 
d 

0 
0 
4 
4 
Y 
r( 
0 
3 

a 

t 

r 

a 

a w -  
e - -  
b u r  

u c u  

o a b m  
a b o s  
0 a s  

f Z 5 '  
(Y 

(rl I 

L '  
9 
n 

a a  
" 9  

ul 

a 
. n  2 

o w w w n o a w o o o o o  
8 8 8 9 4 4 4 4 4 4 4 4 4  
i i t a a a a a a a a a a  

1 



a -  e -  :: 
i 

0 - : -  
- a -  
' * t  0 1  
L U  
c a  

n 

a 
.-" " 

Q 
rl 
4 

m I 



1 I 

.- 8 -  
- e m  a u  a 

I' 
9 
n 

L' 
9 
I) 

e -  e \  . L  

0 c 

a a  
c 

3 '  
0 
n 

. @  
- >  
f 



k 
6 
0 

6 
0 @ e  1 

OD 

0 
C .  e - -  
- - \  

3 8 :  
is 

t t f  
0 . 3  
- s  c u  Y O  

f '  - w  



w w  I 

m r  s -  i ;  ? 
sa 

w -  I 

I > w  

- I 

I 
c . > 

# I  

- >  
W 



b 
U 
.r( o r  c - -  

8 -  * .  
i 

m a  
= s  

a s  
s o  

s a  
n m  

> w  

s a  
n m  

I w >  

I 



r i b  
I P  
O D &  

0 

e -  e * -  
L O -  
L 0 2 3  

5 ;  

* a  

a a  ’: n o  

w m  

a o  - ‘ z  n o  



I 

1 

I * * w  

m I 

z 
L 

8 

8 1  
- >  



0 

w > w  

3 0 s  
n o m  

> * >  
= a s  
ID00 

> * >  
a a a  
2 2 2  

> W D  

- 0 -  

> > ,  
3 a a  
n i m  

w > >  

a a a  
2 : 2  

> w >  

a a a  
m e n  

> D >  

a 
n 

3 
ID 

a 
2 

3 
m 

a 
n 

a 
2 

a 
n 

.I 
c c 

: 
. . I  

- >  

* I  

a 



* 

Lc 
6 0 

0 a s  
i OD 

.- .% 
4' 

a 

L 

a 
L 

a 
0 

a 
n 

a 
n 

1 
n 

a * 

* I  
r w  



e 

s o  
m e  

e 

a s  
m m  

< 
3 s  
o m  

e 

s o  
m e  

s o  
n m  

> 

o 
n 

a 
rl) 

3 
m 

a 
n 

a 
n 



APPENDIX E 2  

SURFACE WATER SAMPUNG RESULTS 

DISSOLVED METALS 
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APPENDIX 5 3  

SURFACE WATER SAMPLING RESULTS 

TOTAL METALS 

SURFACE WATER l"€RlM REMEDtAL ACOON RAN 
ROCKY FLATS PUNT. GOLDEN. COLORADO 
-45 swrm.mtnu( ,.owna.Pgs 

MARCH 1997 
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APPENDIX 8-6 

SURFACE WATER SAMPLING RESULTS 

TOTAL RADIOCHEMISTRY 

SURFACE WATER I N T R I M  REMEDIAL ACTION PLAN 
WCKY FLATS PLANT. GOLDEN, COLORADO 
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MARCH 1991 



Q 

h s: 
*I 

f 
2 
n 
V 

D f  
*I 

: 
a 
0 

a n 

0 

*I t  
l a ?  

c. 

*I 
h 

la0 

P 
9 
..) 

N 
*I B 8 
0 

s 2 - 
V 

0 
2 c. 

V 

e 

0 0 

a 

2 
*I 
a 

0 
h 

fr - 
0 

9 
*I 

L 

*I 

I 
c 
9 

I 

0 0 

0 

t " 
0 
*I 

c. 
Y 

e ' r) 

*I 
n 
c. 

*I 
a x 

& a 
& c 
0 u 
u 
& 
1 a 

e 

d 0 

0 

f 
I V 

x 
*I 

0 
9 LI 

V 

h 

W 

* -  N O  . 
m 
*I f 

a 
*I 

t 

N 

*I 

2 

- #.- 

h 

e 
c 

: a * r) 

*I *I 
LI 8 CI 

*os ~ *I 
(0 N 



z 
c 
a 
W 

i 

c 

U 

1 
.) c 

a a 
2 

b 
51 

I 
I 

< 

4 

4 
8 a 
I 4  
d 
Y 
0 
B 

i 

Y . c 
c P 
a 

8 8 
'y 

N 0 

i 



i l 8  s o  

I 
0 N 

3 
c 

- 0  
U 

n ~ n n  

N 1 0 0 0 0  0 
*I *I *l *I *I *I 

9,9090 8 

? ? ? ?  'I 
p o o o o  0 

? ?'I?'! 'I 
*I *I *I *I *I 

B 
2 
n 
*I 

? 

W - c 

I 
8 
W 

2 
9 9 

0 0  
i 

Y -- 
I 

N I I I N  
u 0 2 0 0 0 0  0 - ~ O O O O O O  *I 
*I *I *I *I *I *I *I g f 

0 2 0 0 0 0 0 0  

1 r  
*I 

0 
9 

I 
n 

. ?  0 
? 
0 2 9  

9 

h 

0 
0 

i 
0 0  

0 n ~  n o 0 
z 
*I? 0 n 0 9 

0 0 0 0  0 
*I! *I *I *I *I 

% 0 R Z ? "  0 5  
*I 

0 
0 0 N O  

n a 
G 

I z 
*I? 0 9 0 0 9 
O I N N I I N  

0 0 0 0 0 0  
f *I *I *I *I *I *I 

0?:;8?? 
0 0 0 0 0 0  

2 8  
0 *I 

0 

t 
*I 

*I ' u l  
0 

% 0  

I 

I 

*k 

% 

a 
I ?  

? 

8 
I i a 

t 
? 

0 0  

? e ? ? ? : ?  ? * I  
g o o o o o o  

*I *I *I *I *I *I 
N I O ~ O O  

*I 0 

0 
I + + + + 0 0  , 

9 
0 
I 
V 

9 
N 

i 

* 
I 

*I 

0 
I 

2 
*I p 
h 
I 

LL - 8  
W 
3 2  s a  



Q 
01 

I 
w 

f 
r 
I 

s 

. . . 

W 
2 
w 
r 

't 

S I  
? ?  
- a  

m 

I 

ii * 
L 
il 



i 

5 
c c  
u \  

E E  
0 

b a n -  
? ? ?  

0 0 0 0  

9 9 9 9  

*I *I *I *I 
n r n a  

0 0 0 0  

H 
*I *I *I *I *I 

r! W S 8  
0 0 0 0  

. 8  @! 

x 
0 

0 0  
3 

Q 0 N 

I 
c 

C o r  u -  

f E  

t 
r 

o t  t a  
*,? 7 3 ? ? 

0 0 0 0  0 0 
t 
0 *I *I *I *I *t 

0 

N n n n  
3 9 9 9  
0 0 0 0  
*I *I *I *I 

0 0 0 0  

I 
s 

I 
.I . 1  

0 0  

h N  
a 

u u u u u u u  
e . . . . . e  a a a a h a a  
u u u Y I u u  
0 0 0 0 0 0 0  
c c c c c c c  

L : : : : Y . : : :  
d e d d d d d d  

L o o  9 E N * -  0 



c 
a 
w 
s 

1 
.I 
c 

a 
n 
r . 

3 
0 
h 

i 
I 
C . L 

a i  

0 
D 
c 
a 
a 

- ._ 

0 - 
G 
L 

U U . I Y U U U  

t t t t t t t t  
U u U . ) U U U U  
0 0 0 0 0 0 0 0  c c c c c c c s  

u - u U U U U  

* * * * * * *  
U U U U U U U  
0 0 0 0 0 0 0  
c C C C C C C  

a a a a a a .  
Y U U U U U  

a a a a a a a  

d d d d d d d  

, 



a 

i l 8  
s 
:x 
c c  

- 9  
u -  

i 

n a N 

8 
0 

i 
a 
0 N 

s 
c 

c o r  .)- 

i3 

0 
0 

z 
N 

- 0 8 -  *lo 0 

*I 8 *I *I 

" 
0 
*I 
CI 

0 

H 
0 

8 
0 
*I 
I 
N 

0 
0 

.? 
0 

0 
.r) 
b 
a 
Q: 
rl 
d 

i 
a 

m 
U 

3 
0 
IB 

0 -  * \  0 -  

S Y  

0 -  * \  
53 

* *a  *I *I *I *I 

- 
Y 

I 
> 

I 

i - 
Y I 

c 
- 
e c 

w 

s - 
1 

I 

< 

I 
(. 



a 
2 
a oc 
b a 

t 
I - 
C 

L a 

a -  
c c  

* -  
2 %  

p 3 O I I W I I  

u y u u u u u u  

a a a a a a  

a a a a a a a a  
w w . w w > > w  - - - - - - - -  

- .. t L t t t t t t  

t 
c 
1 

a 



a 
& 
4 

0 a 
e 

8 
d a 

i .. 
t N 

4 - 
' C  
Y 

it 

i 
A 
N 

4 
c 

c 0 -  * \  

Z E  

0 i 
9 
a 

I 

t ;x  

a 

c * c r  
0 -  L r  

i 

. * . 

. c  * \  
m 

:i 
I 

a 2 

"! 

2 
"! 

0 

0 
*I 
N 
t : 

E L 

?! 
c . W 

I 
> 

c 

I 
c 

I 

a 

0 
1 

c 
a *  

. L a  
" I "  
. e .  
0 

* c c  

a -  L 
C W .  . .- 
A :  
3X' 

L a :  

O L ;  
o a  . . e  
c -  

5 4 9  
w m  * 

c -  
* e -  
z * :  



\ 

0 
c c 
a * 
I 
s 

C O b  - a  r n  

! 
0 N 

c 
a 
W 
c 

1 
c 

I 

I 
E 

0 
U 

. O  
0 -  

a 

a -  urn 

w a  
u a a  

:' 
a .  



i I o  
a * N 

I 
c 

c c  
U 

ii 
I s  
*I 

0 

i /  
m 
? 

I 
Y \  *I2 
E x  d o  

a N n 
0 

N 

r k  
C 0 
0 -  
a -  a .  

a c 

0 

“ 
9 
0 

*I 

? 
0 

t 

I 
w 

I : 
*I 

8 
0 

a I N  



t 
s L 

e * 

a 
44 

“ m  0 
“ U  

u 

c Y - 

I 

e 
a 



i 

I 

t X  
c c  - -  u z  

I 

:: 
S Y  

c 

.) c e  

P 

? S S  

q r 8  

4 0 0 0  
*I *I *I 

0 0 0  

- 
0 

? 7 ?  

? - 1  

1 0 0 0  2 
*I *I *I 

? ? ?  

a k t n  *I 



t 
W 

a 
w 

C O L  

5 i  In2 I 

f 
c 
I . z 
a 

Y 

u 

U 

a 
< 



APPENDIX C 

SURFACE WATER SAMPUNG RESULTS 

SUMMARY TABLES 

OPERABLE UNIT NO. 2 

SURFACE W A E R  INIERIM REMEDIAL ACTlON PIAN 
RCCC' FLATS P'JNT. GOLDEN. COLORADO 
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APPENDIX D 

MllESTONE SCHEDULE 

SURFACE WATER IM/IRAP/EA 

SOUM WALNUT CREEK BASIN 

OPERABLE UNIT NO. 2 

SURFACE WATER INTERIM REMEDIAL ACTION PLAN 
ROCW FLATS PUM. GOLDEN. COLORADO 
-69 ..*-tr.pimunul swpona.pgn 

MARCh 1991 



TABLE [El 

MILESTONE SCHEDULE 

SURFACE WATER IM/IRAP/EA 
SOUTH WALNUT CREEK BASIN 

OPERABLE UNIT NO. 2 

SOUTH WALNUT CREEK BASIN INTERIM MEASURE/INTERIM REMEDIAL ACTION PIAN/ 
ENVIRONMENTAL ASSESSMENT (IM/IRAP/EA) AND DECISION DOCUMENT 

Submit Draft Proposed IM/IRA Decision Document 

Submit Proposed IM/IRA Decision Document to EPA/CDH 

June 19, 1990 

September 18,1990 

Public Review of Proposed IM/IRA Decision Document September26,1990 

Submit Draft Responsiveness Summary and Final 
IM/IRA Decision Document 

Field Treatability Test System Installation Complete 

Begin Field Treatability Testing 

Complete IM/IRA Construction 

Begin Field Treatability Testing (Entire System) 

Submit Draft Treatability Test Report 

Submit Final Treatabillty Test Program Report 

January 1 1 ,  1991 

April 12, 1991 

April 15, 1991 

September30,1991 

October 30,1991 

April 1 ,  1992 

June 2, 1992 

MARCH 1991 
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ARAR TABLES FOR 

SURFACE WATER CONTAMINANTS 

SURFACE WATER INTERIM REMEDLAL ACTION PIAN 
ROCKY SLATS PUKT. GOLXN. COLORAW 
eghg ,mpD'rmnuI uawna.Dgs 
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TABLE E-3.2 

Const hue nt 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Cesium 

Chromium (total) 

Cobalt 

Iron 

Lead 

Lithium 

Magnesium 

Manganese 

Mercury 

Molybdenum 
Nickel 

Potassium 

Selenium 

Sodium 

Strontium 

Vanadium 
PP-J'O 

II) Am2" 
H3 

ACTION-SPECIFIC ARARS FOR CONSTITUENTS 
IN WASTES FOR OFF-SITE DISPOSAL OR 

ON-SITE PLACEMENT, OPERABLE UNIT NO. 2 
SOUTH WALNUT CREEK INTERIM REMEDIAL ACTION' 

Best Demonstrated Available - Treatment Technology (BOAT) 
ndard ma / I I** 
- 
- 

5.0 (in extract) 

100 

- 

1 .o 
- 
- 

5.0 

- 
5.0 
- 

- 
0.20 

0.025 
- 

0.32 

- 
5.7 

.. 
- 

vltrfficatlon 
I 

Metals Recovery' 

Chemical Precipitation 
- 

Reduction and Stabilization 
- 

- 
Stabilization 

- 
- 
- 

Ackl Leaching and Chemical 

Precipitation 
- 

Chemical Precipitation, Settling, 

Filtration, and Stabilization 

Stabilization 



TABLE E-3.2 (continued) 

ACTION-SPECIFIC ARARS FOR CONSTITUENTS 
IN WASTES FOR OFF-SITE DISPOSAL OR 

ON-SITE PLACEMENT, OPERABLE UNIT NO. 2 
SOUTH WALNUT CREEK INTERIM REMEDIAL ACTION* 

Best Demonstrated Available 
Potential Treatment Technology (BDAT) 

Constam w e  Code ard (malt)** - 
Spew - - - 
Uraniumta - - - 
Carbon Tetrachloride u211 5.6 Incineration or Fuel Substitution 

F001 0.96 Incineration 

1,2 Dichloroethene uo79 33 Incineration or Fuel Substitution 

1 ,1 DicMoroethane UO76 7.2 Incineration or Fuel Substitution 

1,l Dichloroethene U078 33 Incineration or Fuel Substitution 

TetracMoroethene u210 
FOOl 

Acetone 

0 Methylene Chloride 

u002 
F003 

UO80 
F001 
F002 

TricMoroethene U228 
F001 
F002 

5.6 
0.05 

160 
0.59 

33 
0.96 
0.96 

5.6 
0.91 
0.91 

Incineration or Fuel Substitution 
Incineration 

Incineration or Fuel Substitution 
Incineration 

Incineration or Fuel Substitution 
Incineration 
Incineration 

Incineration or Fuel Substitution 
Incineration 
Incineration 

Vinyl Chloride UO43 33 Incineration or Fuel Substitution 

Multi-Source Leachate2 F039 

Land Disposal Restrictions at 40 CFR Part 268 

** Treatment standards are presented for non-wastewaters 

1 Standard is expressed as a specific technology 

' U.S. EPA added listed hazardous waste code F039 to 40 CFR 261.31 June 1, 1990 (55 FR 22520) and 
defined it as "leachate resulting from the treatment, storage, or disposal of wastes dassified by more than 
one waste code under (40 CFR Part 2611 Subpart D, or from a mixture of wastes classified under Subparts C 
and D of this part.' If this waste code is deemed applicable to a waste, the waste must meet the treatment 
standards (see 40 CFR Part 268 Tables CCW and CCWE) prior to land disposal. a 
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TABLE F-1 
FLW UEIGHTEO WlW CONCENTRATIONS 

Vinyl Chloride 2 
Methylene Chloride (4,s) 5 u  
Acetone ( 4 , s )  10 u 
1,l-Dichloroethm 7 
1,l-Dichloroethane (5) 5 u  
1,2-Dichloroethrn (tOt81)(5) 5 U 
Ch lorof om t U  
Carbon Tit rach 1 or id. 5 
Trichloroethm 5 
TetrachLoroethrn 1 u  

Strontim (Sr) (6) 
in (Bn) 8 

0.005 u 
0.050 
0.3% 
0.100 

TOTAL LTTALS 
(Cwmtrat ion  Units = m/1) 

A l u i n u  ( A l )  
Ant imy  (sb) (5) 
B a r i u  (Ba) 
B e r y l l i u  (Be) 
C h i -  (Cd) 
Chromiu (Cr) 
Cobrlt (to) 
Cower (CUI 
Iron (Fe) 
Le& (Pb) 
L i t h i u  (Li)  
Manganese (Hn) 
Mercury (ng) 
MolyMmbm (Wo) 
Nickel (Nil 
t e l m i u  (Se) 
St ront iu  (sr) (6) 
Varudiu (v) 
Zinc (Zn) 

.----.-*-------I- 

2.000 u 
0.064 u 
1 .000 
0.100 u 
0.010 
0.050 
0.050 u 

- 0.200 
1 .m 
0.050 
2.500 
1 .Ooo 
0.002 
0.100 
0.200 
0.010 
0 .sa 
0.100 
2.000 

6 15 
7 44 
13 130 
7 143 
3 6 
3 5 
16 79 
24 1n 
29 140 
39 280 

6 
7 
12 
9 
3 
4 
20 
52 
36 
45 

14 
40 
117 
142 
6 
10 
79 
219 
153 
279 

c IVg  C l u  c 8Vg c Y X  --.-.--.--- -.----.----- . I . - - - - - . . -  *--- - . - - - -a  

0.0026 0.0053 0.0025 0.0050 0.0026 0.0053 
0.1014 0.6430 0.0144 0.0661 0.0921 0.5790 
0.1936 0.8000 0.5650 1.1700 0.2331 0.8396 
0.0797 1 .oooo 0.0500 0.1000 0.0765 0.9036 

c 8Vg 
. - - - - - - - - I .  

3.9921 
0.0309 
0.2283 
0.0051 
0.0030 
0.0151 
0.0295 
0.0271 
12.oooo 
0.0140 
0. of33 
0.3603 
0.0002 
0.0561 
0.0294 
0.0026 
0.2317 
0.04w 
0.2363 

C U X  --*.-..----- 
25.4000 
0.0611 
2.0200 
0.0572 
0.0142 
0.2120 
0.1320 
0.2930 

204.0000 
0.2150 
0.1520 
3 . m  
0.0024 
0.1740 
0.2460 
0.0059 
0.8000 
0.5550 
1.1900 

c 8Vg --------..- 
6.6900 
O.WO3 
0.2094 
0.0037 
0.0025 
O.Oo90 
0.0250 
0.0215 

0.0124 
O.cbo(l 

0.0723 
0.0002 
0.0449 
0 * 0200 
0 . W  

. 0.6096 
0.0347 
0,8141 

5.7057 

c Y X  

22.8000 
0.1020 
0.4610 
0.0076 
0.0050 
0.0232 
0. 0500 
0.0446 
17.0000 
0.0317 
2.5600 
0.1970 
0.oOW 
0.0191 
0.0400 
0.0160 
1.3600 
0.0595 
2.6600 

.------.--- 
4.2817 
0.0319 
0.2263 
0.0050 
0.0029 
0.014 
0.0290 
0.0265 

1 1  .3342 
0.0138 
0.0070 
0 3294 
0.0002 
0.0549 
0.0264 
0.0028 
0.2722 
0.W83 
0.2982 

25.1214 
0.0655 
1 A530 
0.0519 
0.0132 
0.1918 
0.1232 
0.2664 

183.9643 
0.19% 
0.4100 
3.3068 
0.0022 
0.1574 
0.2239 
0.0070 
0.8600 
0.5019 
1 .%E 



TOTAL RADIOYUCLIDES 
(Concentration units 8 pci/l) 

Gr088 Alpha 11.00 
Gross Beta 19.00 
Plutoniu  239, 240 0.05 
A n r i e i m  241 0.05 
Total U r r n i u  10.00 

--.-----.-.-__._-.__----.-.--------.- 

TABLE F-1 (Cont) 
FLW WEIGHTED WIWII C[mCENTRATIOl(S 

c avg C U  c 8- C U  
- - - . - - - I - - .  ..... 11-111-  ---1-11---- -----.-.-.- 

15.000 m.oO0 %.OOO 310.000 
56.000 5to.OOO %.OOO 340.000 
0.320 3.300 0.750 3.100 
0.063 0.440 0.300 1.300 
5.500 11.100 7.900 16.600 

75.w R9.643 
60.286 54s 3 7  

0.366 3.279 
0.106 0.532 
5.757 11.489 

Coltection at SU-61 inc ludn flovr froll surface r t e r  s t a t i o n  -6, Ly060, SUO61 nd SU101. 

C avg 8 Aver- A n l y t e  Concntration. 
determining the a r i t hn t i c  m concentration at ind iv idu l  s t a t i o n  and then w ing  this data to Coapute the arith- 
metic m for the s t a t i o n  in the 9rorp. I f  a d a t u  indicrtos nor-detected ti.*. 'U' designation), the value urd 
in caputation of the arithmetic ~ U I  is an-half the -tract R-ired Detection Limit (CRDL). 
station or grosp of s t a t i o n  h u  my nm-detect rwltr in additton to an or more r n u l t r  belw the detection Limit 
for Contai-t, the Caltulated C avg Y y  k gruter  thM C U. 

For a grorp of s t a t i o n  (e.& South Uatnut CrWk) C rvg i 8  conputed by f i r s t  

In CISCI there a 

C wx M a x i m  Arulyte Concntration. C u is  the wiu drtactad c w m t r a t i o n  in the entire data set far the 
station or group of s tat ion.  I f  the rrulyte is not drtected (i.0. 'u' designation) in any of the station s p l n ,  
C m x  i s  set rqurl tofhe.CRDL. 

Methylene chloride and u e t a n  wre detectd in several Laboratory blmks. Surface water data in rhich them c ~ l o c l  
Laboratory c o n t r i m t a  urn detectad in blmks are walurted for caplt r t ion  of E avg and C yx u fo l lwr :  I f  tho 
datm i8 le88 t h n  10 t ima  the cwmtra t i on  f d  in the corr.rponding blmks, the d a t u  i s  w a l w t d  a8 a non- 
dot s t ,  5U wd 1oU for m t h y l m  &Loride wd uetone, r..prctively. 
centration fwnd in the corr.rpording blmkr, the d a t u  is evalurtd  at the concentration reported by the s q l e  
nr l v r i c .  

I f  tho d a t u  is greater than 10 ti- the Con- 

ARAR Val@ for this contituont i 8  TBC. 

NO A M  of TBC value exists for this contituont. The value Listed a8 ARAR for this COfWtitWt i8  beckground 
concentration rhich i s  conridererd as M IM/IRA treatment goal. 
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R i s k  Calculation Yorkshmt WJnut 
Urittcn: 09-Jan-91 SWf#. W t w  Trmatrwnt 

Fugrtivr Oust  bring consrruction Author: OCPalmr/KKcrriaan 

Coos t ant s : 

Exposurr of  tho Public 

kg/rrp l.0OE-06 
w k g  1.00€+03 
dro 1.m-OS 
nJ/nl 1.m-06 

S u  Pr r  Min 60 -. 
Adult Body Uright BY. 70 
Child Body Uoight sue 15 

Adult Inhrtrtion Rrtr I Rr 0.83 
Yorkrr Irhrlrtion Rrtr I Rw 1.4 
Child Inhalrtion Rrtr IRe 0.625 

Oporrtioning Rr l ruo  P ~ r i t r r s  

Exporurr T i n  
Exporurr fr.quncy 

Adult E x p ~ ~ r .  Durrtion 
Youth Exporurr Dwation 
Child Expourr Duration 
Avoraging T i n  (care.) 

Adult Avg lfno (non-crrc.) 
Child Avg Tino Cnon-cWC.) 

ET 8 
Ef  60 

ED 8 1 
EDY 0 
EDC 1 
A l e  25550 

ATM 365 
AT= 365 

Public Disporsfon Cutor Chi ovrr 0 1.4#-06 
Airbom Dust tu 
Conrtr. Arm 1 .o 

Arsonic 
Erry l t iu  
E i s - ( 2- rthy l hrxy 1 )ph thr 1 atr 
C a i u  
C h r a i u  
Nickrl 
Tot81 

Non-crrcinogmic:(g) 

E i8- (2-~thy lhwl  )phthalrtr 
Bar iu  
C h r a i u  
nrrcury 
nulgrrmr 
Total 

Rlclionrlidrr: 

urul iu  
k l r r i c i u  
P lutoni un 
Total 

Oust Sower 4.2W-04 
J o b  Duration 1 .oo 

Soil Slop Foetor 
C w  Sf 

2.U- 5.oOt91 (b) 
l.OoL90 8 . U 9 0  (b) 
l . % L 9 0  1.U-02  (d) 
3.OOE90 6.1OE90 (b) 
5.33€90 4.lOE91 (b) 
4.70E93 8.&0€-01 (b) 

(no/ko) 

Printed: 09-Jan-91 

S o w e r  
(m/SrC) 
l . l l E90  
4.2of-04 
8.19E-04 
1.26€-03 
2.24E - 03 
1.91190 

..*-.- A&tt-----.- 
Air C w  lntrkr Risk 
(Wd) (Wk@-dry) 
1.55E-06 3.47E-10 1.74E-00 
5.m-10 1.32E-13 1.1OE-12 
1.1%-09 2.W-13 3.5%-15 
1.76€-09 3.9%-13 2.41E-12 
3.13E-09 7.01L-13 2.811-11 
2.76E-06 6.l l-10 5.1%-10 

1.m-08 
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child 
Lifer imo 

Risk 

6.08E-08 
3.87E-12 
1.261-14 
8.42E-12 
1.01E- 10 
1.82E-09 
6.27E -08 

4.70&01 1.G-03 (8,b) 1.m-02 2.m-06 4.m-10 4.33E-07 1.52E-09 1.52E-06 
5.m- 4 . a - 0 6  (8,C)  2.2cE-03 3.13E-09 4.9lE-11 1.aE-05 1.RE-10 L.29E-05 
1.OOt-01 8 . a - 0 s  ( 8 , C )  4.2Ot-05 5.W-11 9.21E-13 l.lOE.00 3.226-12 3.84E-08 
1.50192 1.14E-04 (r,b) 5.44E-02 7 .a -06  1.1%-09 1.0%-05 4.18E-09 3.66E-OS 

2.32E -05 8.11E-05 

-..... A6Lt.....-. toi 1 
CarW DCFCf) Sowe. Air C w  Intakr Doso 

2.2ot-05 1.30€+05 9.24E-06 1.m-11 5.111-09 6.73E-04 
3.m-06 5.20€95 1.26E-06 1.76ti-12 7.W-10 3.611-04 
1.m-05 3.306+05 7.W-06 1 .W-11 4.23€-09 1 .lo€-03 
4.501-0s 2.44E-03 

(ai/-) ( W r / a f )  (&i/8U) ( a i / &  (ai) ( W r )  

(r)S&chronic Irrhalrtton RfC wlun util ized. 
(b)Inhrlrtion vrlu f r a  IRIS. 

rrion Futor r  f r m  MW/tH-OO71. 
vulyrir includr only thoso uhieh haw S l o p  Factors or RfCr rv r ibb l r .  

2000 lb\ton .4536 kg/lb 



Constants: 

-. 
A 6 L t  Body Wight 
Child Body Yoight 

South W&ut Creek &sm 
Surface Wahr Troatmnt 
Fugrtivo O u s t  during construction 
Exposuro of  Construction uorkors 

kg/W 1.OOE-06 
on/kg 1.OOE+O3 
on/- 1.00E-03 
m3/ml 1.00E-06 

S u  Por Min 60 

~ d u l t  Inholrtion Rat0 IRr 
Uorkor Inhalation Rrto I Ru 

Child Inhalation Rrto I Re 

Operationing Rolorso P a r r t o r r  

Exporuro T i n  
Exposuro FrrqWny 

Adult ExpOSurO Duration 
Youth ExpMurO Duration 
Child Exposuro Durrtfon 
Avorrging lime (care. > 

Adult Avg Tim (non-care.) 
Child Avg Tim (non-care.) 

ET 
EF 

E08 
EOY 
EOc 
AIC 

AIM 
A T n  

Uorkor Oisporsim Factor Chi ovor 0 
Afrbom o w t  

0.83 
1 .4  

0.625 

a 
60 
1 

NA 
NA 

25550 
365 
NA 

NA 
5 

C h i c  nrtors/hour 
Cubic mtors/hour 
Cubic ntors/hour 

Car c i nogoni c : ( g) 

Arsonic 
Beryl 1 irrm 
Bis-(2-othylhoryl )phthrlrto 
Cadmiun 
Chraniu 
Nick01 
Total 

won-crrcinogmic: (g) 

B i s- (2 -.thy1 hay1 )phthrlrto 
Bar i un 
Chromiu 
Mercury 
Mongnno  
Total 

Rdionuclidm: 

Soi l  Slop. Factor 
C O n  SF sower 

(mg/ks) ( r p / S U )  
2.64€43 S.o(#41 (b) WA 
1.OOE90 8.4OE90 (b) WA 
1.9SE90 1.4oL-02 (d) NA 
3.OOE40 6.101540 (b) WA 
5.33E+00 4.1OE41 (b) MA 
4.7015*03 8.4OE-01 (b) WA 
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Uritten: 09-Jan-91 
Author: DCPaLmcr/KK 
Printod: 09-Jan-91 

A i r  C w  
(no/J) 
1 .St-02 
s.0oc-06 
9.7%-06 
1 .soE-os 
2.6R-05 
2.3515-02 

...... &&lt.-.-..- 
Intrko Risk 

( W k g - d w )  
2.9%-06 1 .47E-04 
1.m-09 9.3%-09 
2.11-09 3.05E-11 
3.3SE-09 2.0%-08 
5.W-09 2.M-07 
5.26E-06 4.4lE-06 

1 .S2E-04 

....-. Adult-.....- 
Air Cw Intake Risk 
(WJ) (rs/kWby) 
9.7%-06 1.SW-07 7.63E-06 
2.3515-01 3 . a - 0 6  3 . a - 0 3  
2.6R-OS 4.1%-07 1 .04E-O1 
5.W-07 7.m-09 9.32f-05 

1 .Os-Ol 

(8)Sukhronic Inhrlrtian RfC v r l u r  ut i l i td .  
(b)lnhrlrtion vrlw f r a  IRIS. 
(c)Inhrlrtion v r l u  froll nust,  4th Quartor, FY 1990. 
(d)Orrl vrlw f r a  IRIS. 
(e)Sukhronic R f D  v r l u  frm H U S T ,  4th Quarter, FV 1990. RfC not rvr i l rb lo .  
(f)lntrrnrl Ooro Conrnrsion Foetors f r a  OCT/fH-0071. 
(g)Motrls included in r isk  nrlyris i n c l d r  only thoso d i c h  haw Slopo Factors or RfCr rvr i lablo.  

Air c w m t r r t i o c r  = Soi l  c w o n t r r t i o n  airborn ckrt * kg/m 
Intake = <Air concmtrrtion IR ET EF ED) / (BY AT) 
Risk (for cmcor)  = Intrko Stopo Foetor 
Risk (non-cuwor) * lntrko / RfC or I f 0  
Intrko (rrdionuc1id.r) * rir c w r n t r r t i o n  IR ET EF job &rrt ion 
Doco ( r d i o n u c l i d n )  = Intrko Ooro Comorrion Factor (OCf) 



P I s k  Calcu lat ion  Uorkshoot South wdnut 
Swfaeo Watw Troatmont 
Fugr t i v r  O u s t  during construetior, 
Exporuro of Otkrr Sftr Uorkrrs 

Constants: 
kg/m 1.OOE-06 
on/kg 1.00€+03 
(F/m 1.00E-03 
d / m l  1.ooE-06 

su Prr Win 60 .. 
Adult BodV Might SUI 70 ke 
Child Sody Might Byc 15 k9 

Adult Inhalation R r t r  I R r  0.03 Cubic ntrrs/hour 
Uorkrr Inhalation Rat. I Ru 1 .4 Cubic rtrrs/hour 
Child Inhalation Rate IRc 0.625 Cubic mtrrr/hour 

Operationing R r l r u r  P a r i t o r 8  

Expo8w. 1 In 
Exposurr Frrqwrwr 

Adult Exposurr Duration 
Youth Expowrr Ourrtion 
Chi l d  Exporurr Durrtion 
Avoraging T i n  (care.) 

A d u l t  Avg T i n  (non-care.) 
Child Avg limo (non-care.) 

Uorkrr Dirprrsion factor 

Arsonic 
8Oryl  L i u  
8fs-(2-rthylhrxyl )phthrlrt, 
C I Q I i u  
Chromiu 
Nickrl 
Total 

B i s- (2-rthylhrxyl )phthrlrtr 
Brriln 
C h r a i u  
Mercury 
MW8n.8. 
Total 

Radiorucl ido8: 

U r i n i u  
Amoriciln 
Plutoniun 
fOt8l 

8 
60 
1 
0 
1 

25SSO 
365 
365 

Chi owr Q 2.43E-04 su/crbic -tor 
Airborn O u t  WA mg/errbic -tor 
C o n t r .  A r u  1 .o oeros 

Jab Duration 1 .oo Yrar8 
O u t  Sourer L.2OE-04 kg/8U 

so i l  $1- Factor 
C W  SF 

2.66993 S.oaC91 (b) 
l.OoE90 8.ioL90 (b) 
1.9SE90 1.44-02 (d) 
3.oOe90 6 .1490  (b) 
5.33E90 4 . 1 4 4 1  (bl 
4.70€43 8.4Ot-01 (b) 

(mo/ks) 
Source 
(WSU) 
l.llE+00 
4.2OE-04 
8.  1s-04 
1.26E-03 
2.2cL -03 
1.97E90 
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k i t t e n :  09-Jan-91 
Author: DCPalmor/KKcrrigan 
Printed: 09-jan-91 

A i r  C w  
(WJ) 
2.6s-04 
1 .02E-07 
1.m-07 
3.W-07 
5.W-07 
4.m-04 

.----* -1t..-*-.- 
Intrkr Risk 

(Wks-dw) 
6.m-W 3.01E-06 
2.2bt-11 1.92E-10 
4.45E-11 6.2SL-13 
6.8%-11 4.1S-10 
1.m-10 4.m-09 
1.0lt-07 9.Olt-08 

3.11E-06 

soi 1 .----* Wit.--.--. 
con DCf(f) Sourer Air C w  lntrkr Doso 

2.201-05 1.30€+0¶ 9.2sL-06 2.2%-09 8.oaE-07 1 . l l E -O l  
3.W-06 5.24+0¶ 1.26E-06 3.W-10 1.2%-07 6.37E-02 
1.8a-05 3.30€+05 7.W-06 1.6rLL-09 7.3%-07 2.42E-01 
4.m-05 4.2s-01 

(uci/gl) (rra/uci) (uCi/SUc) (uci/rJI ( 5 1 )  (nwrr) 

(a)Srkhronic fnhrlrtion RfC vrlun utf Lird. 
(b)lnhrlrtim v r l w  f r a  IRIS. 
(c)lnhrlrtion v r l w  from N U S T ,  4th QUlrtw, fY 1990. 
(d)Orrl v r l w  f ro l  IRIS. 
(r)Sukhronic RfD vrlw f r a  N W l ,  4th Quartor, fY 1990. RfC not r v r i l I l r .  
( f  )Do88 Cormrsion Factors f r a  wE/EN-0071. 
(g)Metrls in1ud.d in r i s k  nrly8ir includr only thoro uith Slope factors or RfC8 rvaihbh. 

Oust Sourer = (1.2 t w / u r r - m t h  Cmrtrutim Aru / (30 24 * 5600)) 2000 lb\ton A536 kg/lb 
Source = O u s t  sourer Soil  Conmtrrtion 
Air concontration = sourer (X/Q) 
lntrkr * CAir concrntrrtfon fR El EF ED) / <BY A t )  
Risk ( f o r  cncr r )  = lntrkr S lop  Factor 
Risk (non-cncrr) = Intake / RfC or RfD 
lntrkr (rodianuclibr) = a i r  eonmtr8tion I R  ET EF job duration 
Dosr (rodionutlido8) = lntrkr Dore Conversion Foetor (DCF) 



Urirrcn: 07-Jan-91 

Printed: 08-Jan-91 
Author: DCPalmar/KKerr!gan 

Constants : 

R i s k  Ca lcu lat ion  Yorkshcot 'Out' "'*' B.8m 
Surfaoe W a t r  Troatwnt 
Colloction Tank V e n t i n g  
Exporure of the Ptbtic 

Litor Per Gal 3.7853 
See Por Min bo 

R 62.37 

Publfc Oisporrion factor Chi wrr 0 1.4OE-06 
Job Ouration NA 

F l o v  Rat. bo 

Vapor Slop. Frctor 
Care i nogrni c: 

APPENDIX G 
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M/V 3.28001 
kg/m 1.00E-06 
W k g  1.00€+03 
Wm 1.OOE-03 
m3/rl l.WE.06 

Adult Body Yr ight  
Child Body Ueight 

Aduit Inhalation Rate 
Yorker Inhalation Rate 
Child Inhalation Ratr 

By8 70 
BYC 15 
I R8 0.83 
I Ru 1 .I 
IRc 0.625 

Exporwe T i n  
Exporurr fr.qwncy 

Adult Exporure Ouratim 
Youth Exporum Ourrtim 
Chi Id Exporuro Ourat i on 
Averaging T i n  (ClfC.) 

Adult Avg T ime  (non-errC.1 
Child Avg Tim (non-cart.) 

E l  24 
EF 265 

EDa 30 
EOy 25 
EOC 5 
ATC 25550 

AIM 1 m O  
AT= 1825 

Carbon let  rack 1 or i do 
Acetono 
1,l-Oichtorethm 
1,2-0 i ch l o rwthm 
Tetrachloroethm 
Tri chlororthm 
Hethylrm Chlorido 
Vinyl Chloride 
1,l O ich lo rmthm 
Carbon Oirulfido 

Totals 

Won-carcinogenic: 

Carbon Trtrrch 1 or i do 
Acetom 
1,l-Oichlorothw 
1 ,t.Oichlorwthono 
T r trach 1 orom t h m  
l r  i ch l o r o r t h m  
Methylene Chlorido 
Vinyl Chloridr 
1,l O i ch l o rwthm 
Carbon Disulfide 

Totals 

Cant 
(W/i) 
1.97E-OS 
0 . OOE+OO 
7.W-05 
1 Ae-06 
4.13E-06 
9.41E-06 
O.OOE90 
0.00E90 
3.02E-06 
o.oOL40 
1.14-01 

SF 

JOE-01 (b) 
WA 

.2OE+OO (b) 
MA 

.80€-03 (c,f 

.tOE-02 (c,f 

.COE-02 (b) 

.WE+OO (0,f 
MA 
NA 

m s  t i m o t e  K 

nourr/by 
O a ~ / y e a r  
Y rrrs 
years 
Y cars 
08- 
0.W 
OlW 

su/cubic meter 
Y oars 
S P  

Chi I d  
Adult------- L i  fat ime .--.-. 

Source A i r  Conc Intakr Risk Risk 
(mg/ru) (m/W (mo/ko/6y) 
7 . M - O S  1.04E.10 9.m-12 1.21E-12 2.39E-12 
0.00E+00 0.00590 o.oo€+OO 0.00€+00 0.00E*00 
2.71E-04 3.m-10 3.37E-11 5 . e - 1 1  8.03E-11 
6.4ZE-06 I.=-12 7.m-13 0.00E+00 O.OOE+OO 
1.W-05 2.1%-11 1.BSE-12 &.WE-15 6.9CE-15 
3.5&-05 4.ppL-11 4.4X-12 1.0%-13 1 .CVE-13 
O.OOE40 O . O O E 9 0  0. ooL+OO 0.00E+00 0.00€+00 
0.00€+00 O.OOE90 O . O O E 9 0  O.OOE+OO 0.00€+00 
1.14E-05 1.m-11 1.42E-12 O.OOE+OO 0.00€+00 
0 . 0 4 9 0  0.00€90 0.00E+00 O.OOE+OO 0.00€+00 

5.80E-11 8.28E-11 

(W1) 
1.97E-05 
O . O O E 9 0  
7.W-OS 
1.6s-06 
&.IS€-06 
9.411-06 
0.00€40 
o.ooE90 
3.02E-06 
0. O o E 4 0  
l.lot-01 

sourcr 
(mg/S.C) 

7.00€-01 (a,d) 7.M-OS 
1 . a - 0 1  (a,d) 0 . 0 4 4 0  
9 . a - 0 3  (r,d) 2.7lE-04 
2.m-02 (r,d) 6.CZE-06 
1 .ooL-02 (r,d) 1 .56E-05 

MA 3.W-OS 
9.W-01 (c,f) 0 . 0 4 4 0  

NA 0.00~+00 
1.ooE-01 (C,f) l.lcE-05 
3.m-03 (c,f) 0.04+00 

-1.1-1 &&it-----.- .---.- Child------ 
A i r  C w  Intake Rirk lntske Risk 
(mg/3) (ma/ks/day) (W kg/drv) 
1.041-10 2.17E-11 3.10E-06 7.58E-11 1.08E-07 
O.OOt+OO O.Wt+OO 0.00E90 0.00€+00 0.00E-00 
3.m-10 7.87E-11 8.74E-09 2.7%-10 3.06E-08 
8.m-12 1.W-12 9.32E-11 6.52E-12 3.26E-10 
2.19E-11 4.54f-12 &.%E-10 1 . 5 9 ~ 1 1  1.59E-09 
4.99E-11 1.03L-11 MA 3.62E-11 WA 
0.00L90 O.OOE+OO O.OOE+OO 0.00€*00 0.00E*00 

0.00E90 0.00€+00 0.00€+00 0.00€*00 0.00E*00 

O . O o E 9 0  0.00€+00 MA 0.00€+00 NA 
1.boE-11 3.32E-12 3.321-11 1.16E-11 1.16E-10 

4 .  03E-08 1 .C1E-07 

(8)Chronic Oral RfO u t i l i m d  whrrr Chronic Inhalation RfC not avaiioble. 

tc)lnhalation value from HEAST, 4th Qurrtrr, FV 1990. 
(d)Oral v a t u  from IRIS. 
(e)Orrl v r l w  fraa M A S T ,  4th Quarter, FY 1990. 
(f)Valw not avriioblr on IRIS. 

Source = Vapor concentration flw rat. t iters por gattm/reeondr per minutr 
Air c o ~ m t r a t i o n  = sourer (x/Ql 
Intake = (Air cwrnt rat ion  IR  ET EF ED) / <BY At) 
Risk (for cmcrr) = Intake Slop. Factor 
Risk (non-cuwrr) s Intake / RfC or RfO 

(b)Inh818tiWl Va lw from IRIS. 



Risk Calculat ion Yorksheet South Creak &*ur 
Surfoce Wator Troetmont 
Collection lank V e n t i n g  
Exposure of RFP Uorkerr 

Liter Per 6.1 3.7853 
See Per Win 60 

Coost ant s : 

Adult Uody Wight 
Child Uody Wight 

Adult Inhalrtion Rate 
Uorker Inh8lltfon R8te 
Child Inhalation Rite 

Oprrrtioning Releue Pa rmte r s  

Exposure Tim 
Exposure F r v y  

Adult Exposure Duration 
rwth  Exposure Duration 
Child Exposure Duration 
Averaging Tim (ewe.) 

Adult Avg T i n  (non-care.) 
Child Avg Tim (non-crrc.) 

R 62.37 
M/V 3.2&+01 

kg/W 1.00E-06 
Qlvkg 1.00€+03 
@m 1.OOE-03 
m3/ml 1.00E-06 

SUI 70 
euc 15 
I R8 0.83 
I R w  1 .4  
IRc 0.625 

ET 24 
EF 265 
ED8 30 
EDy 25 
EDc 5 
A l e  25550 

AIM 10950 
ATnc 1825 

Uorker Disporsion Factor Chi ovor a 2.69E-OS 
Job  Duration MA , f low Rite 60 

Cwci nogeni c : Slope Futor  
COW SF 

(W1) 
Carbon Tetruhloride 1.97E-0) 1.30E-01 (b) 
Acetone 0 .  ooE+oo MA 
1,l-Dichlorethm 
1,2-0ichloroethm 
Tatrach l o r w t h w  
Trichloroethm 
Wethylm Chloride 
Vinyl Chlorido 
lll Dichloroethww 
Carbon Oisulfide 

Totals 

Mon-card nogeni e : 

Carbon Tetrachloride 
Atet- 
1,l-Dichlorrthm 
1,2-Dichloroethm 
Tetruhloroethm 
Trichloroethm 
n r t h y l m  Chloride 
Vinyl Chloride 
1,l Dichloroethuw 
Carbon Oirulfide 

Totals 
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Yrittcn: 07-Jan-91 

Printed: 08-Jan-91 
Author: DCPalmcr/KK 

tmmg l/gmole K 

k9 
k9 
Cubic mtrrs/hwr 
Cubic mtrrs/hr 
Cubic mters/hour 

Source A i r  C w  Intrke Risk 
(ng/s.e) (w/J) (Irg/kg/Qy) 
7.M-05 2.OlE-09 1.m-10 2.32E-11 
O.OOE90 0 .ooE40 o.ooE90 0.00E90 

7.16E-os 
1.69€-06 
6.13E-06 
9.411-06 
o . o o t 9 0  
O.W+W 
3.0%-06 
O.OOE90 
1.1OE-04 

1.20E90 (b) 2.71E-04 
MA 6. 42E-06 

1.8OE-03 (c,f I  1.56E-OS 
1.7OE-02 ( c ,  f) 3.56E-05 
1.40E-02 (b) 0.00E40 
1.90E90 (*,f) o.ooE40 

MA 1.1U-05 
MA O.WE+oo 

C w  RfC/RfO(r) Source 
(Wl) (mg/S.e) 
1.97E-05 7.m-04 (a,d) 7.M-OS 
O . o O t 9 0  1.00e-01 (a,d) O . O O E 9 0  
7.16€45 9.m-05 (a,d) 2.71E-04 
1.m-06 2.m-02 (a,d) 6.42E-06 
4.1%-06 1.m-02 (a,d) 1.W-05 
9.Llt-06 MA 3.56c-05 
O . O O E 9 0  9.m-01 (t,f) 0.00€+00 
0 . 0 ~ 9 0  MA O.W+W 
3.021-06 1.m-01 (c,f) 1.14E-05 
O . o o L 9 0  3 .W-03 tc,f) O . O o E 9 0  
1 .loti44 

7.m-09 
1.73E-10 
4.2OE- 10 
9.5s-10 
0.00~+00 
0 .  ooE90 
3 . a - 1 0  
O.W+OO 

A i r  C w  
(WJ) 
2.01E-09 
O . O o E 9 0  
7.m-09 
1. AE- 10 
4.2OE- 10 
9.5s-10 
O.oot+OO 
O.OQE+OO 
3.01K-10 
0.00E90 

6 . a - 1 0  
1 .S3E- 11 
3.74E- 11 
8.52E-11 
0.00E+00 
O.WE+OO 
Z.74E- 11 
O.WE+00 

7.m-10 
0.00E+00 
6.RE-14 
1.4%-12 
0.00E+00 
0.00€*00 
0.00E+00 
0.00E+00 
8.02E- 10 

(a)Chronic Oral RfO ut i l i rd &or0 Chronic Inhalation RfC not available. 
(b)Inhalation v r l w  f r o l  IRIS. 
(c)Inhrlation v a l w  froll HEAST, 4th h r t e r ,  FV 1990. 
(d)Oral va lw  troll IRIS. 
(e)Oral v a t u  troll HEASl ,  4th Qwrtn, FV 1990. 
(f)Velw not available on IRIS. 

Source = Vapor cwrn t r r t i on  flow rate l i ters  per gallon/reeonds per minute 
Air coneentrrtion = source (x/a) 
Intake 8 (A i r  concentration I R  El EF ED) / (BY AT) 
Risk (for cmcer) = Intake Slop. Factor 
Risk (non-concer) 8 Intake / RfC or RfD 

Intake Risk 
: W k g / d W  
4.16E-10 5.9%-07 
0 .  m40 0.00E+00 
1 .51€-09 1.66~-07 
3.56E-11 1.m-09 
8.RE-11 8.RE-09 
1.m-10 MA 
0.00~+00 0.00E+00 
0.00E+00 MA 
6.3%-11 6.3%-10 
O.OOE+W 0.00E+00 

7. 74E -07 
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Carbon Trtruhlorido 
Acetono 
1,1-0ichlorothm 
1,2-O,ichloroothm 
Tetrach L o r o o t h m  
tr i ch Loroothono 
LtrthylrrW Chlorido 
vinyl h l o r i d .  
1,l Otchloroothm 
Carbon Otsutfldo 
urtor 
TOtrlS 

L ia  C a m  (lolrcular 
(l;s/l, 

2.1%-01 
O.OQ+oo 
1 .CZL-Ol 
. +. OOE- 02 
2.m-01 
1.5SE-01 
0. o(H+oo 
O . O o E 9 0  
6.W-01 
O.OOE*oo 

0 
O . o ( K 9 0  

bight 

153.84 
58.08 
96.9s 
96.9s 

16S.M 
131.4 
84.93 

133.41 
98.96 
76.14 
18.02 

s p l u / l  

1 .LZE-06 
O . O O E 9 0  
1 .a46 
1 . OSE -07 
1 . a - 0 6  
1.16E.06 
O . o o t 9 0  
O . O o L 9 0  
6.W-011 
O . o o L 9 0  
5.54€41 
s.5Lt41 

Y r i  ttm: 
Author: 

Liq mol0 Vlp Prosr Partial P r i  
Fraction (mn ng) (mn ng) 

2.57ti-oa 
0.00E+00 
2.UE-08 
1 .ME49 
3.w-oa 
2.1oE*oa 
O.OQ+OO 
0. ooE+oo 
1 . m - w  
o.ooE9o 

1 .000E90 

91.17 
185.20 
510.56 
171.69 

11.98 
62.28 

351 . M  
2819,28 
510.56 
306.22 
18.69 

Grm-motu per Lftrr 9 (Liquid c w m t r r t l o n  / 1ooO) / molecular wight  
L i w i d  nolo fraction g r m - r o l r  por litor / total grr-nrPlr 
Partial prraurr = vapor p m u ~ r  Liquld -10 frrctm 
Partial prorurr fraction partfat prurwr / atms#rrtc p r r r w a  
Vapor corwrntration = partial prow0 frutlon WV) motocular wight  

2 .%E - 06 
0.00E+00 
1.3%-OS 
5. ZOE -07 
4.m-07 
1.m-06 
0 . OOE+OO 
0 .  ooE90 
5.5%-07 
0 . OQ+OO 
1.87E+O1 
6.00€+02 

08 - Jan- 9 1 
08- Jan-91 

OCPa lmr  

PP Fract Vap tonc 

3.90E-09 1.97E-05 
O.OOE*OO 0.00E40 
2.251-08 7.16E-05 
5.33E-10 1.69E-06 
?.%E-10 4.13E-06 
2.11-09 9.41E-06 
0.00E*00 0.00E*00 
0.00E+00 0.00E*00 
9.31 E- 10 3. OZE - 06 
O.OOE+OO O.OOE+OO 
3.12E-02 1.84€*01 



9PCENOIX t 
PAGE 1 Of  9 

vapor Pressure Calculation 

11 P1 12 PZ Tl(K) 12(K) 

Carbon letrichlorid. 4.3 40 23 100 277.4 296.1 
A c e t w  7.7 100 39.5 COO 280.8 312.6 
1,l-Dichlorrthm 
1,2-0lchlorwthm 
Tetrach loroethm - -  
l r  ich l o r w t h m  
Methylam chlorido 
V i y t  Chlorid. 
1,l Dichloraothuw 
Carbon Dirulfid. 
uatrr 

14.8 400 31.7 760 
9.5 100 41 400 

.13.8 10 40.1 40 
11.9 40 31.4 100 
-6.3 100 24.1 400 
-28 400 -13.8 760 

14.8 400 31.7 760 
-5.1 100 28 400 
11.2 10 22.1 to 

287.9 
29.6 
286.9 

28s 
264.8 
24s. 1 
287.9 
266 

28b.3 

304.8 
314.1 
313.2 
301.5 
297.2 
259.3 
301.8 
301.1 
295.2 

Printed: 08-~an-91 
Written: 08-Jan-91 
Author: DCPaLmor 

(20-11 )/(12-t1) Log P 

8.93E- 01 1.96 
4.18EE-01 2.27 
3.6%-01 2.71 
3.651-01 2.23 
2.74E-01 1.18 
C .6TE -01 1.79 
8.9& - 01 2.55 
3.45E+00 3.45 
3.67E-01 2.71 
7.8% -01 2.49 
8.99€.01 1.27 

P 

91.17 

510.56 
171.69 
14.98 
62.28 

551.86 
2819.28 
510.56 
306.22 
18.69 

iw.20 

Log P - Clog(PZ/Pl] (T2/296.1) C(20-tl)/(T2-Tl)I+log P I  
Vwr  prlrrurr (P) = lO'(1og P) 
P l  i s  tho vrpor prmrwo at t rp r f a twr  11, ote. 



cwlrt M t r :  
L itrr  PIC Gal 3.7853 
Su Prr Min 60 

Adu l t  Body Wight 
Child Body Wight 

Adult Irhrlrtian Rrtr 
Uorkrr Inkrlrtion R r t r  
Child tnkrlrtion Rrtr 

Oporrtioning Rrl..10 P r r r r t r r r  

EXP~UKO t i n  
Exporurr f r w  

Adult Exposurr Ourrtion 
Youth Expwur. DUrrtion 
Child Exporurr Duration 
Avrroging Tim (care.) 

A d i t  Avg limo (Wn-tare.) 
Chi I d  Avg T i n  t ~ n - c r r c . )  

Ptblic Disporsion factor 

Care i nogmi c : 

Carbon Trtrsehlorida 
A c r t w  
l,l-Oichlorrth8no 
1,2-0ichloroothm 
Trtrrchloroothm 
Trichloroothrcw 
Uothy im Chlorido 
vinyl Chlorido 
1,l Oichloroothm 
Carbon Disulf ido 

W a n -  crreinogeni c : 

lotalr 

Carbon Totrachlorib 
A c o t w  
1,l-Oichlorrthm 
1,2-0lehior~th.rr 
T r t ruh lo rwthm 
Tr i ch lo roothm 
Mr thy lm  Chlorid@ 
Vinyl Ch lo r ib  
1,l Dlchloroothm 
Carbon O i s u l f  ida 

Totrls 

R 62.37 
W/V 3.21+01 

kg/m 1.04-06 
d l t g  1.001+03 
On/m 1.04-0s 
d / m l  1.ooE-06 

wr m 
Bye 15 
111 0 . 0  
tRu 1 .4 
tRc 0.625 

ET 24 
EF 1 

ED. 1 
0 

EDc 1 
Ate 25fSO 

AIM 365 
Atnc 365 

Chi over Q 1.27E-03 
Job Owrtion YA 

f lw Rate 6.9 

Liquid Slope factor 
CanC Sf 

(ng/L) 
2.1%-01 1.30E-01 (b) 
O . O O E 9 0  WA 
1.4ZE-01 1.2at40 (b) 
1 .m-02  w 
2.m-01 l .m-03  (C ,Q)  
1.531-01 1.m-02 (e ,#)  
O . o o t 9 0  1.40L-02 (b) 
0.00140 1.9oL40 (.,#I 
6.W-03 ru 
O . o O C 9 0  w 
0.m-01 

Liquid 

(Wl) 
2.1s-01 7.m-03 (I,.) 
0.00190 1.m90 (a,.) 
l . M - 0 1  9 . a - 0 3  (a,.) 
1.001-1 2.001-01 (a,.) 
2.m-01 l .m-01  (a,.) 
1.5%-01 w 
O . o O L 9 0  9.m-01 (c,o) 
O.oOC90 YA 
6.ooL-03 1.0(11+00 tc.n) 

C a w  RfC/RfO(r) 

k# 
k# 
Cubic rtrrr/hour 
Clrbic r*trrr/hour 
Clrbic rrtrrr/hour 

Sowc. 
(Illg/SK) 
0.5%-02 
o.ooL40 
6.22E -02 
4.m-OS 
1 .221-01 
6.m-02 
O . o a E 4 0  
O . o o C 4 0  
2.6s-03 
O.OOE+OO 

A i r  Cone 
(WJ) 
1 .=-ob 
0.W90 
7.m-OS 
I.)&-06 
1 .55L-04 
8 .  5 19 -0s 
O.oOa40  
O.oot*oo 
3.w-06 
0.OOWOO 

towcr Air Cw 
(ms/BOc) (Wd) 
9.5%-02 1 . a - 0 4  
o.oot*oo 0.W90 
6.a-02 7 . m - 0 5  
L.3sL-03 S.56L-06 
1 .2tL-Ol 1 .51-04 
6.m-02 8.511-05 
o.oot40 o.ooL90 
o.ooL90 o.oOC40 
2.a-03 3.M-06 
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..-*-- Adult.--.--- 
tntrkr Risk 

(ms/ ko/6y) 
1 . u - w  1 .m-10 
O.oOa40 o.oof+oo 
8.W-10 1.w-09 
6.a-11 O.Oof+W 
1.711-09 3.121-12 
9.521-10 1.62-11 
o.OoE90 o.ooL+oo 
o.ooL90 0.001+00 
3.m-11 0.m90 
o.oOC40 o.oaE90 

1.26L-09 

....-- Adult.-..-.. 
tntrkr Risk 

9.5cE-08 1 .u -05  
o.ooE40 o.OoL90 
6.W-08 6.87E-06 
4.w-09 2.w-08 
1.221-07 1.221-06 
6.a-08 ERR 
0.00490 0 . 0 8 9 0  
O . O O E 9 0  ERR 
2.611-09 2.611-09 

(m/ Wdw) 

Child 
Lifrtilnr 

Risk 

6.2OE- 10 
0.00E+00 
3.71 E -09 
0.00E*00 
1 .OPE- 1 1 
5.66E-11 
O.OOE+OO 
0.00E+00 
O.OOE+00 
O.OOE+OO 
6 .4OE- 09 

.-.. 
Int 

( W k  
3.3 
0.0 
2.1 
1.5 
6.2 
2.3 

0.0 
9.1 

o.a 

I 
1 
4 
IO 
6 
'2  
'5 
11 
IC 
IC 
5 

-Child-.--.- 
ikr Risk 
I / W )  
6-07  4.m-OS 
IE+00 O.OOE+OO 
5-07 2.4lE-05 
!E-06 7.62E-08 
if-07 4.2%-06 
iE - 07 ERR 
)E+OO 0.00€+00 
IE+00 ERR 
\E-09 9.1%-09 

0.m90 3.m-03 (c;f,#) o.ooE40 o.oot40 o.oOC90 0 . ~ 9 0  O.DM+OO 0.00E+00 
0.m-01 2.llt-0) 7.61E-OS 

(a)S&chrmfc O r r l  RfO util ized *err $&chronic Inhrlrtion RfC not rvrihbLr. S&chrCmit vrhn not rvailrbLr on IRIS. 
(b)Inkrlrtion v r l w  f r a  tRlS. 
(c)tnkrlation v r l w  from H E W ,  4th Qwrtor, fY 1990. 
(d)Orrl v r l u  f r a  IRIS. 
(r)Orrl v r l w  f r a  nust, 4th QU.rtor, fY 1990. 
(f)S&hronlc v r l w  not m i l a b l o ;  chronic v a t u  utilirod. 
Wvrlw not rvri lablr on IRIS. 

Sourer 8 Liquid Concmttrtiorr flou Rat. L i t r r r  por gallon / rrconQ prr RiWtr 
Air concontration = sourer (X/QI 
IntJkO 8 (A i r  concmtrrtion 1R ET Ef ED) / CBU AT) 
Risk (for C M C O ~ )  8 tntrkr SLopo factor 
Risk (non-cncrr) tntrkr / RfC or I f0  



2 i s k  Calculation Yorksheet 

constants: 

South W&wt Crook 8a.n 
S u t a ~ o  *tr  Troatrrml 
lnftwnt Tank Rupture (fO.000 g a l )  
Exposurr of RFP uorkrrs 

Liter Per tal 3.7853 

Adult Body Uoight 
Child Body Uoight 

Adult Inhalation Rata 
Uorkrr Inhalation Rat0 
Child Inhalation Roto 

Oporationing Rrlauo Par-torr 

Exporw. T i l ,  
Exporure F r w  

Adult Expoouro Duration 
Youth Exporuri Duration 
Child Exporuro Duration 
Averaging Tim (care.) 

Adult Avg limo (non-cart.) 
Child Avg Tin (M-care.) 

t u  Per Min 60 
R 62.37 

Uorkrr Dirporsion Factor 

' Carcinogoni c: 

Carbon Tetrach 1 or 1 6  
Acetocw 
1,l-Oichlorrthm 
1,2-D ich lo roothm 
Tatrach lo roothm 
Tri ch lororthm 
Methylono Chlorido 
Vinyl Chlorido 
1,l Dichloroothuw 
Carbon Oisulfido 

Totals 

Won- Card nogmic: 

Carbon Tatruh lor id, 
A c e t m  
1,l-D i ch l o r r thm 
1,2-0ickloroothm 
Tat rrchloroothm 
Tr ichloroothm 
Mrthvlono Chlorido 

N/V 3.2&+01 
kg/m 1.00E-06 
W k g  1.00€+03 
wq l . m - 0 3  
d/rl 1.OOE-06 

BUa 70 
BUC 15 
IRa 0.63 
I Ru 1 .I 
IRc 0.625 

Chi 0Y.c Q 2.aSt-02 
Job Duration MA 

Flw Rat0 6.9 

Liquid Slog. Futor  
C w  SF 
(Wl) 
2.1pC-01 1.3oL-01 (b) 
O . o o C 9 0  
1 .4#-01 
1 .oot-02 
2.m-01 
1.5%-01 
O.ooE40 
O.OoL90 
6.oot-03 
D.ooL9Q 
0.m-01 

Liquid 

(Wl) 
2.m-01 .7.ooc-05 (a,.) 
0.m90 1.o0190 (a,@) 
1.42E-01 9.00(-03 (8 ,O)  
1.OoE-02 2.m-01 (a,.) 
2.m-01 1.m-01 (a,a) 
1 .fSC-Ol IIA 
O . o ( x 9 0  9.m-01 tc.a) 

C w  RfC/RfD(r) 

.- 
V i w i  Chlorido O . O o I 9 0  NA 
1,l- D ichloroothnr 
Carbon Oisulfido 

Yotals 

mnng l/gnole K 

k9 
k9 
Cubic nrtars/hwr 

Cubic rrtrrs/hour 
Cubic rutrrr/hr 

Source 
(ng/S.c) 
9.5%-02 
O . O O E 4 0  
6.2s-02 
4.M-05 
1.22E-01 
6.m-02 
O . o o f 9 0  
0.00€90 
2.631-03 
O . o o L 9 0  

Source 
( W S S )  
9.5%-02 
O . o o L 9 0  
6.m-02 
4.W-03 
1.22E-01 
6.m-02 
0.00E40 
O . o o C 9 0  
2.U-03 

A i r  C w  
(WJ) 
2.m-03 
O.WE90 
1.76E-03 
1 .2bE-04 
3.U-03 
1 .=-os 
0.=40 
0.00€90 
7.w-os 
O.OOE*OO 

A i r  C w  
(WJ) 
2.72E-03 
O . O O E 9 0  
1.76~-OS 
1.2lt-04 
3 . a - 0 5  
1.m-03 
O . o o L 9 0  
0.001~00 
7. &LE - OS 

APPENDIX G 
PAGE 9 OF 9 

Urittcn: 08-Jan-91 
Author: DCPaLmer/KKcrrigan 
Printed: 08-Jan-91 

Intake 
(ns/kg/dry 
3.w-08 
O . O o L 9 0  
1 .9IE-08 
1.39E-09 
S.8IE-08 
2.12E-08 
0. ooE*00 
0.00€*00 
8.32E - 10 
D.ooE90 

Risk 
') 
3 .%E-09 
0.00€*00 
2.34€-08 
0.00E*00 
6.W- 11 
3 . m -  10 
0.00E~00 
0.00E+00 
0.00E*00 
0.00E*00 
2.m-08 

Intako Risk 
(m/ ks/dw) 
2.13E-06 3.ocE-04 
0. oomoo 0.00E+00 
1.W-06 1.53E-04 
9.7%-Ob 4 .OS€ -07 
2.7lE-06 2.7lE-OS 
1 .be46 ERR 
0.00E+OO O.DOE*OO 
0.00€*00 ERR 
5 . a - 0 8  5.a-08 6.m-03 1.00140 (c,g)  

0.m-01 4 . w - 0 4  
o.m+w 3.m-05 (C,f,O) 0 . O o E ~  o.ooE90 o.ooE90 0.00E+00 

(abSubchronfc Oral RfD ut i l i rd  dlwo $&chronic Inhrlation RfC not availrble. Subthronic val rm not available on I R I S .  
(b)InhalAtlOn value f r a  1111. 
(c)Inhalation v r l w  f r a  H U S T ,  4th Qwrter, FY 1990. 
(d)r)rrl v a lw  f r m  IRIS. 
(e)Oral v a t u  tram MUST,  4th Qwrtw, FV 1990. 
(f)S&chronic v a l w  not avdlablo; chronic v r l w  utilirod. 
(g)Vc.lw not avoilablo on IR IS.  

Source 8 Liquid Concontration + Flow Rat0 ~ i t o r s  pot gallon / ruods por ninutr 
Air c w m t r a t i o n  = source (X/O) 
Intake 8 (A i r  ewmtra t fon  IR + E l  Et 
Risk (for cancer) = Intakr Slog. factor 
Risk (non-cancer) 8 lntrko / RfC or R f D  

ED) / <BU AT) 
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